seks beheh be ok a ale ofelelbtara Sryedt 
(olatet+ f alelerele ofvle ateter Leicieieases ase 
; (ale) slo elelelel “1 
‘l eee ere eee he 
’ fare arate ? bibterete 


Terersrerere t 
i i 


[ate n + 

Sark i 

[alererardyarbian siets 
ot 


* 
: t; 
Sion eh awe pitlteeattedet’ witselesneseiens 
aor « és r fat me 
er dee sisielere Atabaraiate iy rorbeb Sraretae, robe te: ae 


a/* ' - : * <2 bt Ly 7 
cart ; sitet it persabesear eter 
‘ sos - . . +h aieiaisys eth 
aatenededeeea a, Saat aie 
5 hay O19 SBS mi eee: 
Fact ts bat TetL Sor efinse st sbriegh opt sings sevens cealeree ah 
Apetersre Syeeadeoyeqiarat seesattereenes ee rere pete 
fretar tee peraesrtide 
« 4) sar teie 
1 


Meehied bodied ind tod edied 
a 


ae 


Teayitexntey 2 clelete eC ewe p ears 
; Sortie ; 
es | an 
peaks he : ere ~ : Setinetst 
teh eg te cy reine bn hipaoe, : st: seefe 
; aes 


wn 


5442 
trial toxic 


ted "~~ 
ee hele lel ee are 
1! Gets" ere oie) 
cert etn em 
papacy tray pe ah Teiageisieya ares oreres 
‘ ry PS CAEL ~ ei ore Siw 
+ Ts ride’ b te Sethe baths bone! ded ~ 
Spescreratcsusiels Pee = G-ses bs oc bro tides da) 
eke 


ft 23 


< 
revere debe, 


ll 


Indus 


Toye 
7 dial +lslstererere: 
‘* “ee 4 
, rte OCR Sct 
mrt Py Bas - oe Hs eve ST pie ee oge Solel ere) ey 
eheisiete sh: ibe ws Y oleae eters caches lateiodath t-te eee eT ES este etyat 
sisi ePe AS eh Seeger es Lhe th teales hte henete shh sale tee 
May ‘ndl-tieaing “© #)r© i 


“f Sfure a agate ons ete ee 


4% 7 


ee we 
See hE Oe ahs 
faietet er Fe wtela laine eye ipod \tietinte dnd tidngh tah 
= Sete, “Vp aya ets i shee se Spore Se pereze 
Sleleies 8 we  & Sreh~ S85 +e-o 
eivi~4t> 
ope es 
Tt SES SEG hn le 


. 

OTP OND) © way 7 
TOSS Sint e ber ele ee “—* . : 
“) Dik . diet aTe-e 
terete es e'4 


~~. - 
eee wee ee Oe He we er ete - ‘ we a : 
Tatet S10 = obs oryreley= = t ere erersie erelelerernle 6% 
ab at Sbthsid sh Sepa d te tee ~ oR al rd int we a5. ; - reel e ese vararatatoraneyare H meiere ies 
* 8788 wie we wee oe : : : Sinersss 
on 4 of : . : 
. ore 


-eeerenee 


vere? Fir + 
Si nrTereie 


ae 
~ vers s ee eee ee 
MA a 0 : > : . eee eee eee wee 
viene e - 
(6 @ eee 
oe ee cleo 
See ewe eee ape! ; ete 
Civ v ibis s See Beeb yw ; 
: : , : he: 3 : ott eneee 


Ea ak oe ee eee ee 
* oe eet, 


. 

+ 8 wb ete * 

v POH eS se owe sy 

214 $16) we — eratekege 

Ute ele tee ee © . 

an # vive - 
see een eee “ 

“1s Yee + eee ee} Sane eS 

ee eee eee ee ee “ 


ef ee cer = 


. 
Se ee ey 


+e Pees eye vee we 
vereyoee te > ees 
Poors 0 Ae pig . reer eve " 

OV eee pee © ¥, , , . ee eo ie 

. a a eo wey ey i 8 CTR? Be eee ee ee 

+ east do Ti, Toy : wis og Sa tee rwreey se “ee eb ee oe eee 

i nad cn st By Pee ee eee Re eee 8 ee ee Het eH oy 
ests - - 2 oe ee - vee 
-* e 

eer * +. —+~* : . : - 

tix : eesre ee eee eee ee 

tree 7+. 
ee 


ey . 


Ter eve eee eee & 
Sewer en eeee re 


. 
Se sie eects = * 


ever ; 
yeeieee “ 
Np . . eeaee te 
“\0 6 epee e : + ale + ow Sites 
° eb otere + , "eit " + fefete © Fel ete 
cea ere.e 
Fit. F'e) © Crepe © Srepere: © 


eh Ag hes] Seer ee® flee -* or? | 


eee 








INDUSTRIAL TOXICOLOGY 











INDUSTRIAL 
TOXICOLOGY 


LAWRENCE T. FAIRHALL 


Scientist Director, Ret., 
United States Public Health’ Service 


SECOND EDITION 


BALTIMORE 
THE WILLIAMS & WILKINS COMPANY 
1957 


5 yd 


LxX3u-9y 
NS 


Copyright®, 1957 
Tue WiuuiaMs & WILKINS CoMPANY 


~ 


Made in the United States of America 


Library of Congress 
Catalog Card Number 


57-8129 
eae a 
PR AWELORMNL GE SS 
41> iar g ». 


ca 
al UiBkaRY Z| 
(7s YY, 
. wt 


ee ee 





CoMPOSED AND PRINTED AT THE 
WAVERLY PRESS, INC. 


Ba.timore 2, Mp., U. 8. A. 


LT 


Industrial toxic... 


























4 


PREFACE TO THE SECOND EDITION 


Advantage has been taken of the demand for a second edition of this book, not only to 
make several minor changes, but also to write a number of new sections and to introduce 
new material in order to bring the book thoroughly up to date. The great advances in 
chemical technology, the manufacture in large quantities of new chemical substances, 
and the iricreasing accumulation of toxicological data have collectively imposed an obligation 
to contribute further information on those new substances which have received substantial 
toxicological investigation. 

It is a great pleasure to express my thanks to my colleagues here and abroad who, by 
sending me reprints of their scientific papers, have greatly eased the burden of library 
search. I wish to record especially my appreciation and gratitude to many friends and 
associates who have rendered me most valuable aid with material, assistance, and sugges- 
tions. Acknowledgment is also made to publications of the U.S. Tariff Commission, the 
Manufacturing Chemists Association, and the U.S. Bureau of Mines for use of certain 
data. 

It is to be hoped that the inclusion of the various tables in the Appendix will increase 
the usefulness of the book. 
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INTRODUCTION 


In an earlier period of our industrial de- 
velopment workmen were exposed to smoke, 
dust, fumes, and gases without regard to the 
possible injurious nature of many of these 
substances. Certain occupations, such as the 
mining of mercury, were formerly notorious 
in this respect. Furthermore, this condition 
was recognized in only very few instances 
and exposure to fumes or dusts of a deleteri- 
ous type was generally recognized as a some- 
what disagreeable and accepted condition of 
many occupations. The fact that some work- 
ers in mines, mills, or factories sickened, 
were forced to leave their occupation, and 
later died, did not always bring with it the 
realization that the nature ofitheir'work was 
a factor, In some occupations where indus- 
trial disease was prevalent there were often 
individuals who had beer immersed in such 
an environment most of their working life 
and yet remained apparently strong and 
healthy. Such cases would be cited as indi- 
cating the general harmlessness of their oc- 
cupation and those who sickened were re- 
garded as weaklings. Many industrial 
diseases, such as phosphorus poisoning, were 
undetected for years, or, as in the case of 
manganese poisoning, were undetected for 
generations. The scrutiny of occupation as 
a factor in disease, although emphasized 
long ago by Ramazzini, is a comparatively 
modern development. Industrial physicians 
only a generation ago were largely con- 
cerned with the more external factors of em- 
ployment—hernia, lumbago, cataracts in the 
case of glass workers, deafness in boiler- 
makers—or in incidental disease, such as 
ankylostomiasis among miners or tubercu- 
losis among cotton spinners. The latter were, 
of course, related to poor sanitation and poor 
nutrition, respectively, and were by no 
means peculiar to the occupation of the 
worker. 

Knowledge, however, of the existence of 
occupational disease became more and more 
evident and, although locally confined at 
first, gradually spread. Thus, such terms as 
“grinder’s rot”, “phossy jaw”, “painter's 
colic”, “chrome itch”, and “miner’s phthisic” 
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gradually appeared in industry and in the 
literature. Within the past generation in- 
dustrial physicians have been alerted to the 
danger of much of the smoke, dust, or gases 
to which workers were exposed, scientists 
have actively investigated the effects of 
many of these aerial contaminants on ani- 
mal life, and engineers have instituted con- 
trol measures in industry to reduce the haz- 
ard of exposure. 

Poisoning familiarly occurs as the result 
of ingestion of toxic substances and this 
doubtless influenced much of the earlier in- 
dustrial hygiene thought. As a result, strin- 
gent sanitary measures were advocated and 
adopted in certain industrial processes in 
order to prevent possible entrance of indus- 
trial poisons by mouth. These precautionary 
measures included such matters as a com- 
plete change of clothing on entering a shift, 
careful scrubbing of the hands and face be- 
fore eating lunch, and a thorough washing 
and shower at the end of the work period. 
While excellent in themselves, these meas- 
ures do not include the sanitation of breath- 
ing and instances of industrial poisoning 
have occurred where workers had observed 
strict cleanliness yet were exposed to dan- 
gerous concentrations of dust, fumes, or 
gases. Inhalation is now recognized as one 
of the most dangerous routes of entrance of 
industrial poisons. 


Gases, Fumes, and Dust 


While the greater part of industrial smoke 
consists largely of carbon and is relatively 
harmless, it frequently contains gases which 
are dangerous if continuously breathed or if 
breathed in high concentration and, in ad- 
dition, it may contain noxious fumes or toxic 
dusts from certain processes. 

From the point of view of industrial hy- 
giene a gas may be considered to be any 
aeriform or completely elastic fluid which 
does not become liquid or solid at ordinary 
temperatures. Fumes or vapors consist of 
material in the near-gaseous, or extremely 
fine particulate form which condense to liq- 
uids or solids at room temperature. Dusts, 
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on the other hand, consist of larger particu- 
late matter suspended in air. It must be 
realized that these definitions are not rigid 
and that they merely indicate somewhat 
roughly different stages of attenuation of 
matter. It is possible, for instance, to have 
mercury dust suspended in the air of a work- 
room, due to constant attrition of mercury 
spilled on the floor and carried into the air 
as extremely minute droplets following me- 
chanical agitation. At the same time, mer- 
cury fume may be present as the result of 
heating this substance and finally the vapor 
tension of mercury is such that true, gaseous 
mercury may also be present to a slight ex- 
tent. It is important for the industrial hy- 
gienist to keep these distinctions in mind. 
The detection and estimation of mercury 
gas in air by means of the photoelectric mer- 
cury detector depends upon the absorption 
of ultraviolet light of a wave length of 
2537 A and, the degree of absorption is a 
measure of the amount of gaseous mercury 
present. However, this instrument would 
not indicate the total mercury present in an 
atmosphere where particulate mercury or 
dust from any if its compounds was also 
present. 

While dusts have been classified as parti- 
cles or aggregates of particles of from 150 
microns to 1 micron in diameter, fumes of 
from 1 micron to 0.2 micron in size, and 
smokes as particles less than 0.3 micron in 
diameter, size alone represents at best only 
a rough separation of these three classes. 
The mode of formation must also be con- 
sidered. Thus, dusts ordinarily result from 
mechanical attrition and distribution, while 
fumes and smokes are formed and carried 
into the air usually as the result of chemical 
reaction or the sudden dispersion of a chemi- 
cally active substance by release of pres- 
sure or by explosion. 

The disperse systems, or aerosols, in which 
the dispersion medium is a gas, differ from 
other disperse systems in the great disparity 
that exists between the density and struc- 
ture of the disperse phase and the dispersion 
medium. The mere fact that two such dis- 
perse systems contain amicroscopic parti- 
cles similar in magnitude does not necessar- 
ily mean that the properties of the two 


systems are identical, although they may 
have many points of similarity. In the case 
of dust, a great deal of work is required in 
order to reduce a solid to fine dust, 1.e., to 
overcome the forces of cohesion that origi- 
nally held the particles together in addition 
to the work required in distributing the par- 
ticles throughout the dispersing medium. 
Even though a certain degree of uniformity 
finally is attained by settling or other means, 
dispersed dust of the finest order of magni- 
tude is less uniform in structure than aero- 
sols produced by the condensation of vapor. 
These factors have some weight in devising 
means of sampling and analysis of aerial 
contaminants. 

The evaluation of aerial contaminants is 
very frequently a maiter of importance to 
the industrial hygienist and a knowledge 
of the properties of such disperse systems as 
those indicated above, as well as the prop- 
erties of gases and vapors in relatively low 
concentrations, is of particular value with 
reference to the analytical detection and 
determination of the constituent contami- 
nants. 

The composition of the aerial contami- 
nant to which workmen in a given plant are 
exposed is of course of paramount impor- 
tance to the industrial hygienist. This is 
usually known, or information may be ob- 
tainable from the management. In some 
cases, however, an unknown or unsuspected 
factor may be present and careful investi- 
gation may be necessary before the culprit 
is revealed. Cases have occurred, for ex- 
ample, where arsenic, cadmium, or selenium 
existing as unsuspected impurities in the 
material being fabricated have caused ill- 
ness and death. An unrecognized by-product 
of manufacture may cause difficulty, or a 
change in the formula of basic material used 
in manufacture may bring about an unhy- 
gienic situation. The industrial hygienist is 
required not only to ferret out the occupa- 
tional disease hazard but also—very neces- 
sarily—to know its characteristics, a proper 
method of sampling, and the most reliable 
method of analytical evaulation in terms of 
air content. His study includes the weighted 
or average exposure of employees at various 
stations and occupations. Furthermore, he 
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is required to know something regarding the 
toxicity of the aerial contaminant in order 
to define the conditions under which em- 
ployees are to be permitted to work in such 
an environment. 

The toxic effects of many hazardous ma- 
terials in industry are well known and it is 
comparatively easy to define safe working 
concentrations. There exist many substances 
in common use in industry, however, which 
are toxicologically not well defined. Unfor- 
tunately, toxicity cannot be evaluated with 
the ease with which a chemical constant, 
such as a boiling point, melting point, or in- 
dex of refraction, may be determined. Even 
with arduous investigation extending over 
many months, the toxicologist can at best 
give only a very general answer regarding 
the poisonous nature of a given substance. 
It would be of inestimable benefit of course, 
if one could—knowing the composition and 
molecular structure of such a substance— 
predict its physiological properties. 


Chemical Constitution and Physiological 
Response 


The possibility of relating chemical con- 
stitution and physiological activity has long 
proved a fascinating field of speculation. 
The advantages of defining the toxicity of a 
substance from its constitution or structural 
formula are, as indicated above, obvious. 
Unfortunately, however, the matter is not 
simple. Certain relations exist, it is true, be- 
tween structure and toxicity. For instance, 
ethyl and methy] alcohol, although differing 
in one important respect, are very similar in 
many of their other physiological properties, 
and propyl, butyl, and amyl alcohols might 
be assumed to act similarly. These latter 
alcohols do, in fact, resemble the lower mem- 
bers but with a progressive increase in tox- 
icity. An analogous increasing toxicity might 
therefore be anticipated in the higher mem- 
bers of the alcohol series. This reasoning, 
however, is nullified by the changing physi- 
cal properties of the higher members. In 
spite of a similar chemical structure, the 
higher alcohols become increasingly insolu- 
ble in body fluids and as a result there is an 
overall decreasing toxicity beyond a certain 
point. A similar increase in toxicity with an 


increasing number of carbon atoms is noted 
with sodium acetate, propionate, butyrate, 
and valerianate. Many other such relation- 
ships have been pointed out as more toxico- 
logical information has become available. 

The replacement of a hydrogen atom with 
chlorine in the saturated hydrocarbons re- 
sults in an immediate change in toxicity ; the 
entrance of such a halogen group in the or- 
ganic sulfur compounds greatly intensifies 
the toxicity of the resulting compound. When 
one chlorine group is introduced into ethyl 
sulfide, which is a weak poison, the result- 
ing monochloroethyl sulfide is found to be 
markedly toxic, while the introduction of a 
second chlorine atom results in dichlorodi- 
ethy] sulfide, or mustard gas, which is a very 
strong poison indeed. However, no such gen- 
eral rule can be applied in other cases. The 
successive replacement of hydrogens by 
chlorine in the methane molecule, which of 
itself is not toxic but merely an asphyxiant, 
results in monochloromethane, CH;Cl, di- 
chloromethane, CHe2Cle, trichloromethane, 
CHCls;, and tetrachloromethane, CCl4, re- 
spectively. These substances, however, do 
not follow a pattern of increasing toxicity. 
For instance, chloroform with its excellent 
narcotic properties, as well as the attendant 
possibilities of liver and heart damage, is 
less toxic in general than carbon tetrachlo- 
ride on the one hand and much less toxic 
than methy] chloride on the other hand. Yet 
dichloromethane, which occupies an inter- 
mediate position, is far less toxic than any 
of the other members of this group. It does 
not follow therefore that there is any direct 
correlation between the number of chloro 
groups and the toxicity. 

The relatively inert and inoffensive hy- 
droxyl group when introduced into an or- 
ganic molecule frequently results in an in- 
crease in toxicity. Thus, methanol, CH;0H, 
has pronounced toxic properties compared 
with the parent substance and monohy- 
droxybenzene, CgH;OH, or phenol, has 
marked poisonous properties over and above 
those of benzene. Increasing the number of 
hydroxyl groups may also increase the tox- 
icity of the aromatics. For example, the in- 
troduction of a second hydroxy] group in the 
benzene ring yields resorcinol, CsH,(OH)», 
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which is more toxic than phenol, while the 
introduction of a third group yields pyro- 
gallol, which is the most toxic of the three. 

The entrance of an alkyl group into the 
molecule of a substance may also intensify 
its poisonous quality. Dimethyl resorcinol, 
CeHs(OCHs)>, is more toxic than resorcinol, 
CsH4(OH)2. On the other hand, an alkyl! 
group may diminish the toxic effect in 
other substances. Dichloromethyl arsine, 
As(CHs) Cle, is very toxic, while the intro- 
duction of a second methyl group, as in di- 
methyl chloroarsine, As(CH3) 2Cl, yields a 
substance of weaker toxicity. 

While the introduction of a chlorine group 
in aliphatic hydrocarbons increases the tox- 
icity in general, this is not necessarily true 
in the case of the aromatic hydrocarbons. 
Thus, monochlorobenzene is less toxic than 
benzene itself and has been of no particular 
significance as an industrial poison. 

It appears to be a general rule that iso 
compounds are somewhat less toxic than 
normal compounds. isoPropy! alcohol has a 
somewhat lower toxicity rating than normal 
propyl alcohol; zsobutyl alcohol than nor- 
mal butyl alcohol. A most interesting dif- 
ference in toxicity has been found to ex- 
ist in the benzene hexachlorides which have 
recently received attention as_ insecti- 
cides. In this case, the gamma deriva- 
tive of 1,2,3,4,5,6 hexachlorocyclohexane, 
CeHeCle, has been found to be especially 
lethal in action compared with the other 
four known isomers (1). Woodard and 
Hagan (2) found the gamma isomer to be 
as much as 60 times as toxic for certain 
warmblooded animals as other isomers of 
benzene hexachloride. In the case of many 
other optically isomeric substances, great 
differences may also be found in toxicities. 
For instance, 1-hyoscyamine is twice as ac- 
tive physiologically as dl-hyoscyamine (at- 
ropine) and moreover the laevo compound 
is 12 to 20 times as active as the dextro 
compound (3). Usuallly, but not invariably, 
the laevo compounds are more active than 
dextro compounds. Thus, Cushny found 1- 
hyoscine to be 16 to 18 times as active as 
d-hyoscine and twice as active as dl- 
hyoscine. Similarly 1-adrenaline was 12 to 
15 times as active as d-adrenaline in its 


vasoconstrictor action and twice as active 
as dl-adrenaline. On the basis of rather in- 
direct evidence, it is possible that the differ- 
ence in physiological behavior of such stereo- 
isomers is due to the ability of one or the 
other to combine with some protein or other 
constituent of the cell. However, sufficient 
quantitative data are not available to define 
clearly the mechanism of physiological ac- 
tivity and stereochemical configuration. The 
problem of relating chemical constitution 
and physiological action is even more con- 
fusing when it is recalled that substances of 
diverse chemical nature may produce similar 
physiological effects. The aliphatic narcotics, 
for example, include a large variety of struc- 
tural type, such as hydrocarbons, alcohols, 
ethers, amines, and sulfones. According to 
Ing (4), these substances appear to achieve 
their effect by modifying the physico- 
chemical conditions of the cells due to certain 
physical properties shared by all classes of 
these compounds and not by the presence of 
certain pharmaco-dynamic groups. 

It will be apparent therefore that while 
the temptation to rationalize regarding the 
prediction of toxicities may be great, the 
evaluation of toxicities of new substances 
is fraught with considerable uncertainty. 
Since no great rational scheme is available 
to aid, except rather sketchily, in deciding 
upon the toxicity of a given substance, it 
is inevitably necessary to carry out experi- 
mental work with animals. 


Experimental Toxicology 


Experimental industrial toxicology does 
not differ widely from that of experimental 
pharmacology, since they both use the re- 
sources of chemistry, physics, physiology, 
and pathology to achieve their purpose. 
However, the pharmacologist is primarily 
interested in therapy rather than toxicity. 
Furthermore, he is interested in the effects 
of administration of a substance by mouth, 
or by intravenous or subcutaneous injection 
and rarely in the effects of inhalation, except 
in the case of inhalation anesthetics. The 
refinements of approach to certain physio- 
logical reactions adopted by the pharma- 
cologist, however, often yield data of funda- 
mental importance within a relatively short 


INTRODUCTION 5 


space of time. The toxicologist on the other 
hand may be compelled to follow an intricate 
procedure which is arduous and time con- 
suming in order to define a given physio- 
logical response. Moreover, toxicological 
studies frequently depend upon pathological 
changes following the administration of 
small amounts of such toxic materials as 
gases, fumes, or dusts and these changes 
usually occur very slowly. 

Toxicological investigations are in general 
based upon animal experimentation for hu- 
man experimentation is, of course, inde- 
fensible. It is true that animal experiments 
provide only indirect evidence of the prob- 
able action of toxic substances on man, yet 
they are nonetheless of the greatest value. 
They not only afford information regarding 
upper toxic limits, but by long-continued 
study, reveal changes in lower concentra- 
tions which are of the greatest importance. 
In experimental work of this character, a 
considerable amount of interpolation is nec- 
essary and evaluation of the experimental 
results requires both acumen and careful 
judgment. Moreover, there are many poi- 
sons which produce completely different ef- 
fects in different species of animals. Mice 
and guinea pigs, for example, are more sensi- 
tive to poisoning by trichloroethylene 
(acetylene trichloride) than cats, while 
rabbits are less sensitive than cats. On the 
other hand, cats are more sensitive to lead 
poisoning than dogs and the latter more so 
than rats. Although such qualitative and 
quantitative differences may exist, never- 
theless there can be no doubt that animal 
experiments are of value since they give an 
indication of the type of toxic action, as 
well as the relative toxicity of the substance 
under investigation. 

The great advantage of animal experi- 
mentation is, first of all, the control of dosage 
and secondly, the degree to which poisoning 
can be carried. This yields most useful 
information in tracing similar effects in hu- 
mans accidentally poisoned and in warning 
against human exposure beyond a certain 
degree. 

Although the effects of exposure by in- 
halation are of paramount importance, ani- 
mal studies also usually include other forms 


of administration, such as ingestion, intra- 
venous injection, intraperitoneal injection, 
and subcutaneous injection. The latter form 
of administration is perhaps the least used 
as absorption is frequently slow and has less 
significance than the other forms. Intra- 
venous injection provokes the most imme- 
diate response and is often useful in study- 
ing the immediate effects of substances upon 
the hemopoietic system. Intraperitoneal in- 
jection is one means of following the slow 
absorption of relatively insoluble sub- 
stances, but is of particular value in study- 
ing the physiological response of various 
substances. For instance, when pure silica 
suspensions are intraperitoneally injected, a 
reaction occurs which is typical and fairly 
constant (5). Sayers and Miller found three 
types of reaction occurred with various 
dusts—absorptive, inert, and proliferative. 
The absorptive reaction occurs when fine 
dusts, such as calcite, limestone, gypsum, and 
cement, are injected. After sufficient time, 
this material disappears from the peritoneal 
cavity without the formation of any scar 
tissue. In the case of the inert reaction, the 
dust remains distributed about the perito- 
neum by the action of phagocytes, some- 
times forming flat nodules, which do not 
tend to progress or form fibrous scar tissue. 
Soapstone, carborundum, and coal dusts ex- 
hibit this inert reaction. In the proliferative 
reaction, nodules form which continue to 
increase in size with the formation of fibrous 
or scar tissue. Quartz, chert, and flint dust 
produce this reaction. These three types of 
reaction correspond very closely with the re- 
sults obtained by the inhalation technique. 
While this method perhaps requires further 
exploration, it is useful in the approximate 
classification of dusts. 

The inhalation technique with reference 
to dusts, fumes, and gases is by far the most 
useful method used in experimental toxi- 
cology. In the case of gases, the various 
concentrations to which animals are exposed 
may be regulated with accuracy. Hence, the 
exposure may be clearly and accurately de- 
fined. With fumes and dusts, the concentra- 
tion of fume or dust in the air may be 
determined by exact chemical analysis. 
Whether or not the animals always breathe 
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in the amount in the atmosphere may not be 
so accurately defined in many cases as small 
animals, such as guinea pigs, tend to huddle 
together and may be able to filter out some 
of the dust or fume to which they are ex- 
posed. ; 

For the purpose of exposure, gas-tight or 
dust-tight exposure chambers of large size 
are usually used and animal cages may be 
placed directly in the exposure chamber. 
The gas may be introduced in known 
amounts and rapidly distributed throughout 
the exposure chamber by means of small 
fans. Substances which are sufficiently vol- 
atile, such as solvents, may be introduced 
in known amount into a constant current 
of air and the breathing concentration may 
be accurately calculated. In addition, of 
course, samples of the exposure atmosphere 
may be taken in most cases and analyzed 
chemically. 

Fumes, such as metal fumes, may be gen- 
erated by arcing between electrodes of the 
metal carrying 110 a.c. current and an ap- 
propriate resistance. In order to prevent the 
formation of metallic oxide fume, it is usu- 
ally necessary to generate this fume in an 
atmosphere of inert gas, such as nitrogen 
or helium, and “bleed” it into an incoming 
air current. Oxide fumes are readily formed 
by arcing in air or in an atmosphere of 
oxygen. Fumes of many organic substances 
may be formed by heating the material to 
the volatilization temperature in the in- 
coming air stream. 

Dusts must be suspended in air in very 
finely divided form in order that they may 
remain in suspension as long as possible and 
so that the material is of sufficient degree of 
fineness to be carried deeply into the ani- 
mals’ lungs. An elutriating device is useful 
for this purpose (6), since it permits a con- 
stant flow of very finely divided dust of more 
or less uniform size. In the case of dust ex- 
posures, it is difficult to control the amount 
of dust in the exposure atmosphere and 
hence it is necessary to draw small samples 
from time to time for analysis. Even though 
the dust concentration is accurately known, 
the amount carried into the animals’ lungs 
1s questionable, as a variable amount is re- 
moved by the filtering action of the nose, 


part of the dust remaining in suspension is 
removed before the air enters deeply into 
the lungs. The ciliated epithelium found 
throughout the extent of the air-passages 
and their prolongations constantly sweeps 
out air-borne particles and only the very 
finest material penetrates to the lung alveoli. 

The evaluation of exposure and the local- 
ization of toxic material in the various ani- 
mal tissues, and the determination of its 
excretion metabolites, are of course depend- 
ent upon exact analytical procedures. Tox- 
icological analysis frequently involves the 
isolation, identification, and determination 
of quite minute amounts of poison. In cases 
of metal poisoning the application of emis- 
sion spectrography is of invaluable assist- 
ance. With organic substances, especially 
when only minute amounts may be isolated 
and purified, identification may prove more 
difficult. Indeed the original poison may 
have become metabolized so that it may 
no longer be identifiable, and above all the 
metabolic fate or the nature of its break- 
down products may be unknown. However, 
where this field has been sufficiently ex- 
plored the determination of the end-products 
of metabolism has been of great value. Thus, 
it is possible to trace benzene poisoning by 
the urinary excretion of phenol and con- 
jugated ethereal sulfates, picric acid by the 
urinary excretion of 4,6-dinitro-2-amino- 
phenol, methanol by formic acid and form- 
aldehyde, acrylonitrile by thiocyanate ex- 
cretion and trichloroethylene by the urinary 
excretion of trichloroacetic acid. 

Modern methods of detection and identi- 
fication have enormously facilitated this 
type of investigation. Just as emission 
spectrography in the ultraviolet region has 
proved of great value with reference to in- 
organic substances, absorption spectropho- 
tometry both in the ultraviolet and the infra- 
red regions has been a most valuable tool 
in the hands of the analyst with reference 
to structure as well as identification and de- 
termination of toxic substances. The de- 
velopment of chromatography and the 
availability of radioactive tracers have also 
served to facilitate analytical investigation. 
X-ray diffraction technique presents a par- 
ticularly useful means of identification, and 
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the more recent type of equipment registers 
the position and intensity of radiation 
graphically, so that more rapid examina- 
tion is possible. X-ray diffraction analysis 
not only has the great advantage of identi- 
fication, but requires only a very small 
amount of substance. Moreover, this sub- 
stance is not destroyed or changed in any 
way. Furthermore, as with spectrography, 
a visual record is obtained. The electron 
microscope has proved useful for the analy- 
sis of airborne particulates and in the in- 
vestigation of the role played by quartz 
particles in initiating fibrotic changes in the 
lungs. 

Those who are interested in the field of 
toxicological analysis will find the publica- 
tions of Fabre (7), of Turfitt (8), and of 
Kirk (9) of particular value. 

Description of the means of evaluating 
the effects of various industrial poisons will 
be found given in detail in the various pub- 
lications referred to in the succeeding text. 
It will be noted that a considerable latitude 
of experimentation is necessary in order to 
study the effects of a given industrial poison. 

The degree of exposure (that is, the total 
amount of substance to which an animal has 
been exposed for a given time) is, of course, 
only preliminary to the evaluation of the 
toxicity of the substance. The behavior of 
the animal must be observed for this is an 
index of the manner in which the poison acts. 
Some substances may cause death immedi- 
ately or within a few minutes—for example, 
hydrogen cyanide, hydrogen sulfide, or car- 
bon monoxide. Other substances may act as 
irritants with symptoms of pain, salivation, 
vomiting, and purging. Ammonia gas, cad- 
mium oxide fume, and chloropicrin, respec- 
tively, produce these effects. Other sub- 
stances affect the central nervous system 
and produce characteristic symptoms, such 
as narcosis, convulsions, and paralysis. 

The various symptoms, in general, serve 
at best only as a rough classification of toxic 
substances. The effects of poisons are often 
subtle and a variety of symptoms may be 
displayed. In chronic poisoning, or in the 
case of a cumulative poison, anatomical 
changes may be produced in certain organs 
or tissues which are characteristic for the 


poison. Blood changes may occur with an in- 
crease or decrease in hemoglobin, in red or 
white cells, and often with characteristic 
morphological changes in either or both the 
erythrocytes and leukocytes. All these and 
many other effects must be studied with 
care in the evaluation of the toxicity of a 
substance. It will be apparent therefore that 
the term toxicity does not refer to a fixed 
quantity, such as, say, a constant of nature. 
On the contrary, it is a descriptive term and 
is often more clearly understood when ap- 
plied in relation to other analogous sub- 
stances. When the toxicity of a substance is 
evaluated in the broad sense described 
above, however, the industrial toxicologist 
is able to advise somewhat definitely the 
limitation of possible exposure of human 
beings to industrial poisons. 

A further element of caution should be 
exercised with reference to attempts to eval- 
uate the toxicity of a given substance by any 
mathematical relationship between the 
quantities of poison administered and the 
routes of administration, for it is still nec- 
essary to consider the species of animals 
used. Furthermore, in attempting to apply 
such a relationship to man, a number of 
other factors must be considered, not the 
least of which are age and physical condi- 
tion. However, in order to satisfy those who 
must know “how toxic” a substance is, a 
table of usual industrial poisons is appended 
(Table IV) which gives the LDs9 values for 
one species of animal (the rat) and one mode 
of administration (oral), which have been 
gathered from the literature and to which 
I have assigned various groupings and des- 
ignations. It affords a rough means of com- 
parison and avoids the confusion experi- 
enced when one is confronted with a variety 
of species and methods of administration. 
Even so, it will be recalled that rats are 
more sensitive to certain toxic substances, 
for instance alpha-naphthylthiourea, than 
other animals. However, in the light of acute 
poisoning the table is presented for what it 
is worth and disclaims any effort at finality. 

It should be clearly indicated that, while 
such procedures as those briefly indicated 
above serve to establish useful limits with 
regard to industrial poisons, the more funda- 
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mental aspects of toxicology involve far 
more extensive and difficult physicochemical 
and physiological investigation. Various 
physical factors such as surface activity, 
solubility, dispersibility, polarity, partition 
coefficient, particle size, and electrophoretic 
properties may require study. The mecha- 
nism whereby many substances produce 
toxic effects in man is important and re- 
quires careful exploration. The fate of these 
substances in the body—the changes which 
organic compounds undergo and the metabo- 
lites formed—serves to indicate the means 
by which the body attempts to reduce their 
toxicity and thus protect itself against their 
poisonous effects. This is especially true of 
organic compounds completely foreign to the 
body. In their passage through the animal 
organism these substances interact with the 
normal biochemical systems which they en- 
counter. The enzymic systems which carry 
out the oxidations, reductions, hydrolyses, 
and syntheses in the body may be variously 
affected. The metabolic processes involved 
reflect an attempt to reduce or abolish the 
toxic action or damage to the organism. 
However, it is not true that the product or 
products formed are invariably less toxic 
than the parent substance. For example, 
Channon and his associates (10) found that 
2,4,6-trinitrotoluene (a-TNT) is partly 
converted in the animal organism to 2,6- 
dinitro-4-hydroxylaminotoluene which is 
excreted as such in the urine. Furthermore, 
the biological reduction product of picric 
acid is picramic acid. In both these cases the 
end-products are more toxic than the origi- 
nal substances. Nevertheless in the case of 
many other poisons the toxic substance is 
converted to harmless metabolites and elimi- 
nated. Fundamental investigation of the 
toxicity of a given substance therefore in- 
cludes study of the course of the toxic agent 
through the body, its effects on various or- 
gans and tissues during its passage, and the 
changes produced in the substance by the 
detoxicating mechanism of the body as in- 
dicated by the metabolites formed. 
Investigation of toxic substances and in 
particular of the mechanism of detoxica- 
tion may ultimately prove to be one of the 
most fruitful fields of biochemistry, inas- 


much as it provides specific knowledge of 


processes that are not obvious nor come to 
light except as the need for meeting an un- 
usual or critical situation arises. Enzymatic 
action which can bring about hydroxylation 
conjugation, acetylation, or methylation of 
substances foreign to the body is not only 
interesting per se, but may also give a clearer 
insight into living processes in general (see 
Appendix, Table II). The minor metabolic 
changes which occur with certain toxic sub- 
stances not only follow curious paths, as for 
instance in the formation of unusual or un- 
expected metabolites—such as the partial 
transformation of benzene to trans-trans- 
muconic acid and aniline to ortho-amino- 
phenol in addition to its well-known trans- 
formation product, para-aminophenol—but 
may have considerable significance. Fur- 
thermore the pattern of biological oxidation 
is frequently different from that of in vitro 
experimentation, for apparently biological 
oxidation and other processes do not in- 
variably attack those portions of the mole- 
cule which are familiar to the chemist as the 
most reactive centers. Investigation in this 
field is at best difficult, frequently slow, and 
occasionally unrewarding, yet a surprisingly 
large amount of useful information has been 
accumulated. Interesting as this is, it is 
beyond the province of this book to discuss 
the biological significance of the changes 
which foreign organic substances undergo in 
the body. The following pages therefore re- 
late to the direct toxic effects of industrial 
poisons. 
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PART I 


INORGANIC SUBSTANCES 


ALUMINUM 
Characteristics 


Aluminum, Al, density 2.70, melting point 
658°C., boiling point 1800°C., is a white 
metal which is very light and strong in com- 
parison with its weight. It is only slightly 
attacked by exposure to the atmosphere. 
Aluminum is easily malleable, may be rolled 
into thin foil, and possesses high tensile 
strength. It is trivalent in all its compounds 
and forms only one oxide, Al2O3, which is 
amphoteric. The metal dissolves readily in 
hydrochloric acid and slowly in sulfuric acid 
but is rendered passive by nitric acid. It is 
prepared commercially by electrolysis of 
aluminum oxide dissolved in melted cryolite, 
the carbon lining of the pot acting as the 
cathode and a graphite rod as the anode. 
The temperature of the bath is kept at about 
1000°C., which is above the melting point of 
aluminum, which collects as a liquid in the 
bottom of the cell and is drawn off at inter- 
vals. Bauxite, a natural hydrated alumina, 
is the most important source of aluminum. 


Industrial Uses 


The output of aluminum in the United 
States in 1951 was exceeded only by the peak 
war year in 1943 and totaled about 1,129,000 
short tons despite strikes and power short- 
ages that hampered production (1). The 
widespread uses of aluminum in industry, 
including aluminum railroad passenger cars, 
hopper and refrigerator cars, truck and 
trailer bodies and buses, aircraft, the super- 
structure of ships, and foil wrappings, are 
too extensive for enumeration. Aluminum 
has expanded and diversified its markets un- 
til there are now 3,500 uses for the metal 
compared with 1,500 before the war. Alumi- 
num enters into the composition of a number 
of alloys, such as “Duralumin” containing 
4 per cent copper, 0.8 per cent magnesium, 
0.6 per cent manganese; and “Magnalium” 
with the composition aluminum 90 to 95 
per cent, and magnesium 5 to 10 per cent. 


10 


Aluminum bronze contains 88 to 96.1 per 
cent copper, 2.3 to 10.5 per cent aluminum 
and small amounts of iron and tin. Alumi- 
num salts are used as mordants in the textile 
industry, the alums are extensively used in a 
variety of manufactures and aluminum stea- 
rate is used as a stabilizer in various oils and 
greases. In 1951, a total of 868,958 tons of 
aluminum salts was produced. 


Toxicity 

Aluminum salts, especially the acetate, 
chloride, and sulfate, have some antiseptic 
properties and in large doses act as gastric 
irritants causing nausea and vomiting and, 
in extreme cases, purging. Even in large 
quantities the ingestion of aluminum salts 
is followed by no symptoms beyond those 
of gastrointestinal irritation and inflamma- 
tion. There is no evidence of chronic poison- 
ing from the continued ingestion of alumi- 
num salts and therefore there is no danger 
of poisoning nor adverse effects from food 
cooked in aluminum utensils. 

While cases of sensitivity to aluminum 
dust have been reported (2, 3, 4), this con- 
dition is quite rare and there is no convinc- 
ing evidence of pulmonary or bronchial in- 
jury from exposure to aluminum dust in 
general. In a representative group of 49 
workers in the pottery industry, for instance, 
who were exposed to fine alumina dust, there 
was no evidence of pneumoconiosis or other 
lung disease nor any indication that any 
system or ofgan was adversely affected (5). 
An investigation by the Industrial Pulmon- 
ary Diseases Commission of the British 
Medical Research Council in 1936 of alumi- 
num workers revealed no evidence of pul- 
monary injury due to the inhalation of alu- 
minum dust (6). A more recent investigation 
by Hunter and his associates (7) of the 
health of 92 workers, grinders of Duralumin 
aeroplane propellors, indicated that there 
was no evidence that this dust produced any 
disease of the trachea, bronchi, or lungs. The 
exposure in this case had been heavy and 


INORGANIC SUBSTANCES It 


37 of the group had been employed for more 
than 5 years. In this connection the experi- 
mental work with aluminum dust is con- 
fusing, some investigators claiming that 
aluminum dust is fibrogenic (8, 9, 10, 11) 
producing ‘“aluminosis”, while others (12) 
find that aluminum dust rarely produces 
more than a foreign body reaction. The lungs 
of animals exposed to aluminum dust were 
found by de Marche (13) to show consid- 
erable proliferation of fibroblasts, mono- 
cytes, foreign body giant cells and moderate 
interstitial substance. However Vintinner 
(14) found that exposure of animals to high 
concentrations of fine aluminum dust did 
not increase their susceptibility to Type I 
pneumococci. 

Shaver and Riddell (15) have reported a 
number of cases of lung disease occurring 
in the manufacture of alumina abrasives, 
a process involving exposure to high con- 
centrations of sintered alumina and silica, 
both in a fine state of division, and to small 
quantities of many other substances. The 
disease is essentially an interstitial lung 
fibrosis, non-nodular in type. A survey in- 
dicated that 35 of 344 individuals exposed to 
these materials in four industrial plants had 
definite radiological evidence of disease. 
There were seven fatalities. (cf. Alundum.) 

Extensive investigation has been in prog- 
ress at various research centers during the 
past few years with reference to the preven- 
tion of silicosis by the inhalation of finely 
divided metallic aluminum. Outstanding in 
this respect is the work of Denny, Robson, 
and Irwin (16), who have shown that alumi- 
num dust can bind or inhibit the solution 
of silica. King and his associates (17) found 
a retardation, or possibly a prevention, of 
silicotic lesions in the lungs of animals ex- 
posed daily for 200-400 days to an atmos- 
phere of quartz dust with two per cent of 
powdered aluminum. Jullien (18) attributes 
the favorable action of aluminum therapy 
in silicosis as due to an antispasmodic and 
bronchodilator effect. Schmidt (19) goes so 
far as to recommend the spraying of fac- 
tories with dilute aluminum salt solutions 
in order to produce rapid flocculation of 
quartz particles and thereby lessening the 
silicosis risk. The present attitude towards 


aluminum therapy for silicosis in this coun- 
try is perhaps best stated by E. W. Brown 
(20) in the report authorized by the Council 
on Industrial Health of the American Medi- 
cal Association, to the effect that no con- 
vincing evidence of objective improvement 
either of pulmonary function or by roent- 
gen ray has been forthcoming and that fur- 
ther research is required for application of 
this form of therapy to man. 

Reference has been made to industrial 
injury from machine operations of alumi- 
num alloys, such as Duralumin and Elec- 
tron metal (21). The injuries resulting from 
splinter wounds from these alloys are com- 
plicated by the formation of hydrogen be- 
neath the skin but the action is mechanical 
in nature. 


Analysis 


Since the aluminum ion is colorless, the 
direct colorimetric determination of alumi- 
num is usually based on the formation of a 
strongly colored lake with a suitable organic 
reagent. These lakes are regarded as inter- 
nal complexes of aluminum which exist in 
colloidal solution or as colloidal aluminum 
hydroxide on which the organic compound 
is absorbed with a pronounced change in 
color..A useful reagent for this purpose is 
aurintricarboxylic acid or its soluble salts. 
In a weakly acid (acetate-acetic buffer) or 
neutral medium, ammonium aurintricar- 
boxylate (aluminon) gives a deep red color 
with minute amounts of aluminum (22). 
Other organic reagents for the determination 
of aluminum include alizarin red S, quina- 
lizarin, 8-hydroxyquinoline, and hematoxy- 
lin. Sensitive arc lines for the spectrographic 
identification of aluminum are 3586.6, 2816.2 
(the strongest line in its spectrum), 2652.5, 
and 2568.0. 
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ALUNDUM 
A crystalline alumina, Al.O3, formed arti- 
ficially in the electric furnace is variously 
known in the trade as “alundum” and as 
“aloxite”. The naturally occurring crystal- 
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line alumina is corundum which when trans- 
parent and blue is the gem sapphire, or when 
red, the ruby but when colored brown or 
black and impure, is emery. In the United 
States in 1945 emery amounting to 7,856 
short tons was shipped as crude rock to 
manufacturers of grinding wheels, abrasive 
sticks, polishing compositions, and similar 
materials. Considerable amounts are also 
used as a nonslip, wear-resistant component 
in concrete floors. 

The commercial abrasive alundum is made 
from bauxite with iron oxide, some silica, 
and possibly titanium as impurities. The 
bauxite is first calcined, then mixed with 
fine coke and iron borings and heated in a 
combined are and resistance furnace. The 
cycle of the furnace is 24 hours; the elec- 
trodes are carbon. The resulting fused mass 
is broken, crushed, washed, purified by 
chemical treatment, and made into wheels, 
sharpening stones and grinding powders. 
Alundum has a specific gravity of 3.93 to 
4.01, and a fusion point 2000° to 2050°C. 
Alundum refractories can therefore be used 
at temperatures up to 1700°C. 

Clark (1), on the basis of 14 years obser- 
vation of workers in an abrasive factory, 
found that in factories which provide proper 
methods of dust removal, the continuous 
inhalation of artificial abrasive dust (alu- 
minum oxide and silicon carbide) does not 
produce the symptoms or present the X-ray 
findings of pneumoconiosis. In reviewing 137 
cases exposed to large doses of dust, mostly 
artificial abrasive, over periods ranging from 
10 to 42 years, he found that 42 men showed 
no silicosis, 12 showed slight silicotic change, 
72 the picture of first stage silicosis, and 6 
the picture of second stage silicosis (2). He 
concluded that continued inhalation of arti- 
ficial abrasive dust composed of aluminum 
oxide and silicon carbide will not produce 
disabling silicosis. As to the question as to 
whether the inhalation of artificial abrasive 
dust produces an increase in the incidence of 
pulmonary tuberculosis among those ex- 
posed, Clark found the incidence to be no 
higher in the factory than in the city at large. 
Furthermore, since twice as many cases ap- 
peared in dusty as appeared in nondusty 
departments of the factory, he concludes 
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that it is inadvisable for persons who have 
had pulmonary tuberculosis to work in a 
department in which large amounts of arti- 
ficial abrasive or any other dust are present. 
Gardner (3), upon exposing guinea pigs with 
arrested pulmonary tuberculosis to inhala- 
tion of various dusts including carborundum 
(silicon carbide) , reported that 31.8 per cent 
of the pigs exposed to carborundum dust 
later exhibited evidence of progressive tuber- 
culosis. However, Gardner, as reported by 
Clark, stated that he was unable to show 
the same activation of pulmonary tubercu- 
losis with aluminum oxide dust as he did 
with silicon carbide dust. Shaver and Rid- 
dell (4) have recently reported definite lung 
changes in workers engaged in the manu- 
facture of alumina abrasives, a condition 
now designated as “Shaver’s disease”. The 
workers in the vicinity of the electric arc 
furnaces are exposed to the dense white 
fumes evolved from the pots. These “fumes” 
contain large amounts of alumina and silica 
together with small quantities of other sub- 
stances, all in a very fine state of division. 
Three hundred and forty-four individuals in 
four different industrial plants were exposed 
to these materials and a survey showed that 
35 of these had definite radiological evi- 
dence of disease and that there were 13 
others with lung changes classified as doubt- 
ful. Seven fatalities have occurred and in 
several cases the disease has progressed rap- 
idly and has produced serious disability. It 
is essentially an interstitial lung fibrosis, 
non-nodular in type with profound emphy- 
sema accompanying the invading fibrosis. 
Emphysematous blebs and bullae occur on 
the visceral pleura and are apt to rupture 
spontaneously and give rise to pneumotho- 
races, according to Shaver and Riddell (cf. 
also 5, 6, 7). However, the etiology of Sha- 
ver’s disease has not been definitely estab- 
lished. Both Jager (8) and Gartner (9) be- 
lieve colloidal or fine amorphous silica, not 
alumina, to be the cause of the disease. 
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AMMONIA 

Characteristics 

Ammonia, NHs, is a colorless gas with a 
pungent odor, a vapor density of 0.597, a 
melting point of —77.7°C., and a boiling 
point of —33.3°C. It is easily liquefied and is 
extremely soluble in water with which it 
forms ammonium hydroxide. Strong ammo- 
nia water contains 28 to 29 per cent of am- 
monia and at 25°C. has a specific gravity 
0.90 that of water. Ammonia is a product of 
the putrefaction of nitrogenous substances. 
In the vicinity of putrefying substances, the 
amount of ammonia may be of the order 
of 15 to 1500 parts per million of air (1). 
Except, however, in the immediate neighbor- 
hood of the decomposing material ammonia 
does not exist in the air in the free state but 
is combined usually as the carbonate. Am- 
monia is one of the by-products formed in 
the destructive distillation of coal for the 
production of coal gas, coke, and tar. It is 
made synthetically when nitrogen and hy- 
drogen are mixed and brought in contact 
with a catalyst, such as specially prepared 
iron granules at elevated temperature and 
under high pressure. The Haber process in 
Germany, the Claude in France, the Casale 
in Italy, and the American in the United 
States utilize this principle. Ammonia is 
usually transported either in liquefied form 
in steel cylinders or in tank cars, or in 
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drums or carboys dissolved in water as the 
hydrate. 


Industrial Uses 


Ammonia is a hazard in numerous indus- 
tries. It is used as a refrigerant in cold-stor- 
age plants and for the manufacture of arti- 
ficial ice, in petroleum refining, in the 
treatment of steel, water purification, in the 
fertilizer industry, in the manufacture of 
sulfuric and nitric acids, drugs and chemi- 
cals, and in bottling plants for household 
ammonia. 


Toxicity 

Ammonia in the air in low concentrations 
is readily detected by its distinctive odor; 
in high concentrations it acts violently upon 
the respiratory tract and causes a choking 
sensation. In addition to its action on the 
respiratory reflexes which causes coughing 
and the arresting of respiration, it also has 
an immediate effect on the conjunctiva and 
the cornea. Chronic bronchial catarrh, se- 
cretion of saliva, and the retention of urine 
have also been noted. According to Boyd 
and his associates (2), there is an increased 
output of respiratory tract fluid but little 
change in the water content of the lungs. 
Yet in acute pulmonary edema, such as oc- 
curs in ammonia gas poisoning, the lungs 
are generally held to be water-logged. Al- 
though there is no change in serum chloride, 
an increase above normal in blood hemo- 
globin beginning about 24 hours after gas- 
sing has been noted. Mass poisoning from 
ammonia gas occurred in a London shelter 
early in the late war in which 47 cases of 
ammonia gas poisoning were hospitalized 
and in which 13 people died (3). Most of 
these deaths resulted from pulmonary 
edema. A similar accident occurred in which 
three individuals died and three were over- 
come from effects of ammonia gas when the 
connection of a tank car of ammonia was 
broken while unloading (4). The three who 
survived had eye injuries and pains in the 
abdomen, as well as intense nervousness. 
However, ammonia is not considered to have 
a direct action on the nervous system. In 
animal experiments designed to investigate 
possible chronic toxicity resulting from ex- 
posure to the fumes of ammonia, Weatherby 


(5) could find no significant evidence of 
such an effect, although long exposure re- 
sulted in mild changes in various organs and 
tissues especially noticeable in the spleen. 
The least amount detectable by smell is 53 
parts per million (6). 


Analysis 


Several sensitive methods have been pro- 
posed for the detection of ammonia or the 
ammonium group, such as the well-known 
Nessler’s reagent and the test with p-nitro- 
benzene diazonium chloride which gives a 
red color with ammonium salts. Ehrenberg 
(7) has proposed a novel radiometric method 
for the detection of extremely minute 
amounts. For the determination of ammo- 
nia as an aerial contaminant, samples may 
be taken by drawing known amounts of the 
air through slightly acidified water in a 
sintered glass bubbler followed by adequate 
dilution and direct Nesslerization. Any of 
the many proposed micro-determinations 
for the evaluation of ammonia may be ap- 
plied. For very small quantities of ammo- 
nia, Mason and Rozzell (8) have adapted a 
Nesslerization procedure suitable for deter- 
mination of quantities of ammonia varying 
over the range of 1 to 10 micrograms with an 
accuracy of +5 per cent. 
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ANTIMONY 


Characteristics 


Antimony, Sb, atomic weight 121.77, is a 
lustrous white metal which, following slow 
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cooling, exhibits a coarsely laminated crys- 
talline fracture but which possesses a granu- 
lar structure when rapidly chilled. It is a 
relatively soft metal having a hardness of 
3.0 to 3.5 on Moh’s scale. The most repre- 
sentative melting point is 630°C., its density 
20°/4° when mold-cast is 6.690, and its boil- 
ing point is 1440°C. Antimony is so brittle 
that it can be powdered. It does not undergo 
change on exposure to the air at ordinary 
temperature and is only very slightly and 
slowly soluble in cold water. Clarke found 
its solubility to be 0.19 milligram in 25 min- 
utes (1). The metal burns with a bluish- 
white flame without volatilizing, but at 
about 900°C. in the presence of oxygen gives 
off fumes which have a smell resembling 
garlic. The vapor pressure of antimony at 
various temperatures (2) is much less than 
that of arsenic at the corresponding tempera- 
ture. At 500°C. the vapor pressure of arsenic 
is 100 millimeters of mercury, while that of 
antimony is 10° millimeters, of mercury at 
that temperature. This difference in volatil- 
ity is important from the point of view of 
industrial exposure and is also of incidental 
interest in connection with the analytical 
determination of antimony in organic ma- 
terial. 

In connection with industrial exposure to 
the various antimony dusts, it is of interest 
that finely divided antimony dust can re- 
main suspended in air longer than would be 
anticipated with a heavy metal. After 1 
hour a dust of 8.8 milligrams of antimony 
per cubic foot of air was found to settle only 
to the extent of 2.5 milligrams per cubic foot 
(3). Furthermore, antimony trioxide fume 
remains in suspension in air for a consider- 
able length of time whereas the sulfides tend 
to settle out fairly rapidly and antimony 
metal dust occupies an intermediate position. 

When certain alloys containing antimony 
are treated with acid and subjected to elec- 
trolytic action, when certain antimony com- 
pounds are treated with steam, or whenever 
nascent hydrogen comes in contact with me- 
tallic antimony or with a soluble antimony 
compound, a colorless gas, stibine (SbHs3) 
is evolved. In many of its properties, stibine 
is similar to arsine. However, it lacks the 
stability of arsine and, perhaps because of 
this fact, stibine poisoning has never at- 


tained the importance of arsine in industrial 
hygiene. Stibine is decomposed at a lower 
temperature than arsine and is also decom- 
posed by such substances as rubber or even 
the walls of the containing vessel, especially 
if slightly etched. Rapid decomposition oc- 
curs at temperatures above 150°C. Stibine 
is oxidized by air or oxygen, even at low 
temperatures, and as might be expected, is 
readily decomposed by a number of sub- 
stances, such as the halogens, sulfur, and 
most oxidizing reagents. It solidifies when 
cooled in liquid air and melts at —8.8° C., 
forming a colorless liquid which boils at 
—17° C. The gas is heavy and has a vapor 
density at 15° C. and 754 millimeters of 
mercury of 4.36 (specific gravity of air = 1). 
The gas has an extremely unpleasant smell 
which is difficult to describe. 


Industrial Uses 


In 1951, antimony metal, oxide, and sul- 
fide, having a total antimony content of 
34,111 tons, were produced in the United 
States, and in that year 43,818 tons were 
consumed in the manufacture of various 
items (4). In addition, secondary antimony 
recovered from lead-base (such as old bat- 
tery plates) and tin-base alloys totaled 
17,148 tons. The metal products in which 
antimony is used are listed in order of 
amount: antimonial lead (5,920 tons), 
bearing metal, battery metal, type metal, 
cable covering, sheet and pipe castings, col- 
lapsible tubes and foil, ammunition, and 
solder. The nonmetal products listed in the 
same order are as follows: flame-proofed 
textiles (7,675 tons), paints and lacquers, 
frits and ceramic enamels, glass and pottery, 
sodium antimonate, antimony trichloride, 
ammunition primers, and matches. 


Toxicity 

Cases of antimony poisoning in industry 
are rare, although certain antimony com- 
pounds are extremely poisonous and warn- 
ings concerning the potential danger of 
antimony in industry have been published 
from time to time. Both Oliver (5) and 
Hamilton (6) have referred to the exces- 
sively dusty condition of plants manu- 
facturing or using antimony trioxide and 
the trisulfides and pentasulfides, and have 
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pointed out a corresponding absence of dis- 
ease attributable to antimony beyond oc- 
casional dermatitis. In smelting operations 
fumes of antimony and of antimony oxide 
are abundantly given off. The breaking up 
of the solid metal is also a dusty operation. 
It has been shown (3) that finely divided 
metallic antimony occurring as dust is more 
toxic than certain other industrial antimony 
compounds. In the manufacture of antimony 
trioxide, workers in the bag houses or con- 
densing chambers engaged in knocking down 
the oxide in the bags or in cleaning the 
chambers, as well as those occupied in pack- 
aging the oxide, are exposed to a great deal 
of oxide dust. Feil (7) found that a few 
workers, who were engaged in smelting anti- 
mony, exhibited symptoms of dermatitis and 
conjunctivitis. The experimental work of 
Bradley and Fredrick (8) indicates in gen- 
eral that antimony compounds are more 
toxic than similar lead compounds. Recent 
inhalation experiments in which animals 
were exposed to antimony trioxide indicate 
that some pathology is involved (9). Smith 
(10), studying the excretion rate of tartar 
emetic in man by means of radio-antimony, 
found the 50 per cent excretion time to be of 
the order of 500 hours. Renes (11) reported 
69 cases of illness from exposure to fumes 
among workers during 5 months of opera- 
tion of an antimony smelter. Gross and his 
associates (12) found that calcium halo- 
phosphate phosphors containing 1 per cent 
of antimony caused no evidence of either 
acute or chronic toxicity when tested on rats 
and rabbits, although an endogenous lipid 
pneumonia occurred in these animals (13) 
following inhalation or intratracheal in- 
sufflation of large amounts of antimony tri- 
oxide. However, Brieger and his associates 
(14) found that exposing animals to 3.07 to 
5.6 milligrams per cubic meter of antimony 
trisulfide dust for 6 weeks resulted in definite 
and consistent disorders of the heart and 
parenchymatous degeneration of the myo- 
cardium in these animals. These investi- 
gators suggest periodic electrocardiographic 
examination of antimony workers. 

The physiological action of stibine 
greatly resembles that of arsine, death oc- 
curring very quickly on exposure to such a 


high concentration as 1 per cent gas in air. 
In a concentration of 0.01 per cent gas, death 
occurs in a few hours. Stibine attacks the 
central nervous system and the blood. In 
acute poisoning, the symptoms are headache, 
nausea, weakness, slow breathing, and weak 
and irregular pulse. The gas has a hemolytic 
effect on blood and causes pronounced 
morphological changes in the red cells, pro- 
ducing, in particular, characteristic “spine 
cells” in animals subjected to various con- 
centrations of the gas (15). Chronic stibine 
poisoning has not been observed in man. 
Pure stibine prepared under laboratory con- 
ditions is unquestionably very toxic. How- 
ever, the literature has failed to disclose a 
clear-cut fatal case of stibine poisoning in 
man. When stibine poisoning has been re- 
ported, it has usually been questionable 
whether the poisoning was really due to 
stibine or whether it was due to arsine, hy- 
drogen sulfide, or phosphine. 

Cases of possible stibine poisoning aris- 
ing from exposure to gases produced by the 
quenching of hot metallic dross with water 
have been reported (16, 17). The addition 
of water to a hot antimony metal dross 
containing aluminum causes the formation 
of nascent hydrogen which reacts with the 
antimony, arsenic,and sulfur present to form 
SbHs, AsHs3, and HS, respectively. In the 
cases just referred to, three employees ex- 
posed to these gases in a building became ill 
within a few hours and complained of 
marked weakness, headache, nausea, severe 
abdominal and lumbar pain, and hematuria. 
The hemolytic effect on the blood was the 
most outstanding laboratory finding. Re- 
covery followed hospitalization and treat- 
ment with intravenous glucose, blood trans- 
fusions, and the administration of ferrous 
sulfate. 


Analysis 


While most of the usual methods for the 
determination of antimony are suitable for 
material containing fairly large amounts, 
such as rafter dust, ores or minerals, more 
delicate procedures are necessary for the de- 
termination of traces of the metal or its 
compounds as aerial contaminants. Rela- 
tively few colorimetric methods have been 
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found for the determination of antimony. 
However, tetraethylrhodamine (Rhodamine 
B), which undergoes a change in color from 
red to violet in the presence of antimony, 
has been found to be a useful reagent. With 
this reagent pentavalent antimony in acid 
solution forms a red, water-insoluble, stable 
compound which is soluble in organic sol- 
vents (18). The reagent 9-methyl-2,3,7- 
trihydroxy-6-fluorone has also been recom- 
mended for the detection and colorimetric 
analysis of antimony (19). The sensitivity 
to this substance is 1:5,000,000 and only a 
limited number of substances interfere. The 
detection and estimation of between 10 and 
30 micrograms of stibine may be rapidly 
carried out by the method of Webster and 
Fairhall (20). Distinctive arc lines for the 
spectrographic detection of antimony are 
2877.9, 2790.4, 2528.5, and 2311.5. Although 
antimony shows up with moderately small 
amounts in the arc, spark methods yield 
the highest sensitivity for this element. 
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ARSENIC 
Characteristics 


Arsenic, As, atomic weight 74.91, has a 
melting point of 814° at 36 atmospheres 
pressure and a sublimation point of 611° C. 
The density of arsenic is 5.7 and it exists in a 
number of allotropic forms. Yellow arsenic, 
which volatilizes readily, is extremely poi- 
sonous and phosphoresces in air at room 
temperature. The semi-metallic form of ar- 
senic is steel gray in color with a bright 
luster. It is very brittle and is a good con- 
ductor of heat but a rather poor conductor 
of electricity. Arsenic forms three oxides, 
namely, arsenious oxide or arsenic trioxide 
(AsoO3), arsenic pentoxide (As.O;5), and 
arsenic tetroxide (AsoO4). The latter is 
only of academic interest. The pentoxide 
is the anhydride of arsenic acid and is the 
primary material for all arsenical insecti- 
cides. However, the trioxide or white arsenic 
is the most abundant commercial arsenical 
compound and from it practically all manu- 
factured arsenical compounds are originally 
derived. In common with several other mem- 
bers of its group, arsenic forms a compound 
with hydrogen, arsine, AsH3, which is a 
colorless highly poisonous gas with a strong 
garlic odor. Arsine is formed whenever 
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nascent hydrogen is produced in the presence 
of arsenic or arsenic-bearing substances. 


Industrial Uses 


White arsenic consumption dropped from 
an all high of 51,083 short tons in 1943 to 
28,869 short tons in 1951. One-half of the 
amount produced in 1945 entered into the 
preparation of agricultural insecticides for 
the purpose of combating the cotton boll 
weevil, the codling moth, and the gypsy 
moth, which cause such widespread agri- 
cultural loss of cotton, apples, and pears. 
The use of arsenic in weed killers and in the 
glass industry accounts for a substantial 
share of the balance. According to the United 
States Bureau of Mines, the domestic out- 
put of white arsenic has at no time been 
adequate to meet domestic requirements and 
the United States will probably continue to 
be a substantial importer. Smaller amounts 
of arsenic are used in medicinal arsenicals, 
alloys, wood preservatives, cattle dip, dye- 
stuffs, and paint. 


Toxicity 


From an industrial health point of view, 
arsine is the principal factor of importance 
with reference to arsenical poisoning. While 
an extensive literature exists with reference 
to poisoning from arsenic trioxide or other 
arsenical preparations, it has largely been 
built up on the basis of the use of arsenic 
with criminal intent and hence the adminis- 
tration of arsenical preparations by mouth 
(Truhaut, 1). On the other hand, exposure 
in industry to arsenical compounds relates 
largely to the inhalation of dust or fume. 
In the refining and smelting of arsenical ores 
or in smelting metals containing arsenic and 
in the subliming of white arsenic, workers 
may be exposed to the fumes of the metal 
or its oxides. Workers are also exposed to 
dust in the manufacture of Paris green 
(cupric acetoarsenite), Scheele’s green 
(cupric arsenite), and of lead and calcium 
arsenates for insecticidal purposes. Arsen- 
ical dusts produce troublesome skin lesions 
resulting at an early stage in an edematous 
condition with inflammation and finally 
ulceration. Wherever the dust comes in con- 
tact with the skin and is held by perspiration 
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in folds (as around the edges of respirators) , 
ulcers develop. Perforation of the nasal 
septum is common, Slow absorption also oc- 
curs and is evidenced by bronzing.)In severe 
cases gastric symptoms occur. Although ar- 
senic has long been associated with cancer 
as a causative agent an interesting recent 
study by Snegireff and Lombard (2) with 
reference to cancer in industry led these in- 
vestigators to conclude that the handling of 
arsenic trioxide in industry does not pro- 
duce a significant change in the cancer mor-. 
tality of employees. Lead arsenate which is 
commonly used as an insecticide has been 
shown to be broken down in the body in man 


with the subsequent excretion of most of the , 
arsenic from the kidneys (3). The pro- 


nounced solubility of dilead o-arsenate in 
gastric juice is sufficient to account for the 
breakdown of lead arsenate in passing 
through the gastrointestinal tract (4). The 
arsenate radical apparently either decreases 
the absorption or increases the excretion of 
lead (5). Soluble arsenates have also been 
found to decrease the storage of lead (6). 
The “normal” arsenic content of tissues and 
excretions has frequently been investigated 
and a normal urinary arsenic value of 0.017 
milligram of As.O3 per 100 cubic centimeters 
of urine is indicated by the investigations of 
Watrous and McCaughey (7). 

The action of arsine is different from that 
of arsenic salts or compounds in general. In 
industry arsine usually results from pickling 
operations in which arsenic exists as an im- 
purity either in the metals or the acids used. 
It has been shown, however, that even 
quenching material containing arsenides 
with water has caused arsenical poisoning 
and deaths (8). Additional cases of this type 
have been reported recently (9, 10). Chronic 
arsine poisoning has also been reported by 
Bulmer and his associates (11) with workers 
employed in the extraction of gold where the 
ore contained a small percentage of arsenic, 
for in cleaning the filter leaves with hydro- 
chloric acid, arsine was evolved. A somewhat 
similar case of arsine poisoning recently oc- 
curred during the cleaning of an iron water 
jacket and was caused by pouring dilute 
commercial hydrochloric acid through the 
pipes of the jacket (12). The specific effect 


, 
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of arsine is related to its affinity for the 
hemoglobin of the red blood corpuscles and 
the symptoms of acute arsine poisoning re- 
sult from hemolysis of the red blood cells 
with resulting anemia and jaundice. It has 
been suggested that arsine is carried un- 
changed to the various tissues by loosely 
combining with the erythrocytes (13). Fatal 
termination is frequent. 


Analysis 


The great importance of arsenic from a 
toxicological point of view and the extreme 
sensitivity of the various methods has re- 
sulted in the accumulation of immense 
amounts of literature devoted to the analyti- 
cal detection and estimation of this sub- 
stance. The conventional Marsh and Gutzeit 
methods which depend on the formation of 
arsine and its detection are convenient and 
satisfactory within certain limits. The gold 
chloride test paper method of Turfitt (14) 
is a particularly useful test for arsenic. Of 
the various colorimetric procedures for the 
micro-determination of arsenic, that of San- 
dell is both accurate and sensitive (15). In 
this method, the material, freed from sub- 
stances that prevent complete evolution of 
arsine, is so treated that the arsenic is quan- 
titatively evolved as arsine. This, in turn, 
is absorbed in an acid solution of mercuric 
chloride containing permanganate and the 
arsenic thus oxidized to arsenate can be de- 
termined by the addition of an excess of am- 
monium molybdate-hydrazine sulfate rea- 
gent which yields molybdenum blue in 
proportion to the amount of arsenic present. 
This method is particularly applicable to 
amounts of arsenic within the range of 1 to 
15 micrograms with an accuracy of 5 per 
cent. Arsenic may also be detected qualita- 
tively by n-ethyl-8-hydroxy-tetrahydro- 
quinoline hydrochloride, which gives a red- 
dish-brown color in spot tests in the presence 
of ferric chloride (16). The arc spectrum for 
arsenic is very poor and there are a number 
of interfering lines. However, the following 
lines—2860.5, 2780.2, and 2349.8—are use- 
- ful for spectrographic identification. 
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ASBESTOS 
Characteristics 


Asbestos, amianthus, earth flax, stone flax, 
mountain cork, is a characteristically silky, 
fibrous mineral, the composition of which 
varies with its source. The form known as 
chrysotile is derived from serpentine and is a 
hydrous magnesium silicate containing from 
12.5 to 14 per cent water of crystallization. 
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About 95 per cent of commercial asbestos is 
chrysotile. Chrysotile has the silkiest and 
strongest fiber and can be spun. The fibers 
may be as long as 6 inches in length. Asbestos 
derived from amphibole occurs as a variety 
of minerals consisting of iron, calcium, and 
magnesium with little water of constitution. 
The latter type of asbestos consists of short 
fibers and is usually inferior to that derived 
from serpentine. Amphibole asbestos (an- 
thophyllite) while not so suitable for spin- 
ning is more stable chemically than chryso- 
tile and more resistant to acids and heat. 

Canada has been an important source for 
the chrysotile asbestos used largely in the 
United States. The Canadian asbestos in- 
dustry is centered in the Thetford Mines 
area of the Province of Quebec. A new 
source for chrysotile type asbestos is a large 
quarry on the eastern shoulder of Belvidere 
Mountain in Vermont which was opened in 
the summer of 1944. This deposit is of im- 
portance because it represents the only large 
source of long-fibered chrysotile so far found 
in the United States. Deposits of amphibole 
asbestos are mined in Georgia and North 
Carolina. 


Industrial Uses 


Asbestos is an important substance in in- 
dustry and consumption in the United States 
for 1951 amounted to 796,992 short tons (1). 
Due to its fibrous nature, flexibility and 
heat-resistant properties, it is used exten- 
sively for valve packings, gaskets, boiler 
lagging, and pipe covering in industrial 
plants and as friction material in the auto- 
motive industry. A considerable market 
exists in the building industry for asbestos- 
cement products, heat insulation, and fire- 
proofing. The utilization of asbestos for 
fibers for spinning in the manufacture of 
asbestos clothing for fire fighting is an im- 
portant use for asbestos. The largest single 
outlet for asbestos in manufactured products 
in 1944 was for clutch facings, and next in 
quantity of output were brake linings. As- 
bestos roofing consumed the third largest 
amount of asbestos in that year. 


Industrial Injury 


The inhalation of asbestos dust produces 
a condition known as asbestosis. While cer- 


tain other minerals of minor importance 
have been shown to produce lung fibrosis, 
asbestos is the only important silicate apart 
from tale and mica which does not contain 
free silica and yet produces pulmonary lung 
fibrotic changes leading to disability and 
death. Asbestosis occurs chiefly in industrial 
plants where asbestos is fabricated. The 
spinning and weaving of asbestos in com- 
bination with other textiles results in ex- 
posure of workmen to asbestos dust. The 
long-continued inhalation of asbestos dust 
results in a form of pneumoconiosis. The 
primary effect of inhalation of asbestos dust 
is an interstitial pulmonary fibrosis. On an 
X-ray film the shadows cast by this type of 
fibrosis resemble ground glass in appearance 
and usually extend over the lower portions 
of the lung fields, frequently being heavier 
on the right side (2). Unlike silicosis, nodu- 
lar fibrosis has not been detected in asbestos 
workers (3). The fibrogenice action differs 
from that of silica in that the effects are 
produced only by long asbestos fibers while 
the very short asbestos fibers appear to have 
little or no effect. The long fibers apparently 
block the finer bronchioles and produce 
fibrotic changes as a result of irritation. 
A progressive dyspnea, variable cough, sub- 
sternal chest pains, decreased chest expan- 
sion, weakness, emaciation, clubbed finger 
tips, and curved fingernails are the chief 
symptoms of asbestosis, as in silicosis. A 
characteristic finding in asbestosis is that of 
asbestos bodies in the lungs and in the spu- 
tum (4). The so-called asbestos bodies are 
apparently formed only in the lungs and 
may be demonstrated microscopically on 
sectioning lung tissue or in the sputum. The 
core of the body is an asbestos fiber which 
is surrounded by protein deposits. Unstained 
specimens are golden yellow or golden 
brown. They are not stained with ordinary 
histological stains but may be demonstrated 
by the Prussian blue staining procedure. The 
reaction to the fibrous needle in the tissue 
which becomes manifest, in exudate cell in- 
filtration is accompanied by numerous giant 
cells containing foreign particles and an in- 
crease of diffuse interstitial connective tissue 
and fibrosis. While the essential reaction to 
asbestos particles is considered to be chemi- 
cal by many investigators others consider the 
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pathogenesis of the disease to be mechani- 
cal (5) in nature. For instance, the investi- 
gations of Vorwald and his associates (6) 
indicate that the mode of action of the long 
asbestos fiber is mechanical rather than 
chemical in nature. When the lungs are ex- 
amined by the naked eye after death, they 
are large and densely fibrotic. Often the lung 
is completely adherent to the chest wall and, 
in advanced cases, to the diaphragm with 
the formation of a thick and extremely dense 
layer of fibrous tissue. Four main complica- 
tions and sequelae of pulmonary asbestosis 
are purulent bronchitis, bronchial pneumo- 
nia, pulmonary tuberculosis, and emphy- 
sema (7). Several cases of asbestosis have 
been reported which progressed to a fatal 
termination with heart failure and without 
evidence of infection or other complicating 
disease (8). Any appreciable decrease in the 


amount of asbestos dust will cause a de- 
crease in the incidence and severity of as- 


bestosis (9). In a recent study of 40 cases of 
asbestosis at necropsy, Lynch and Cannon 
(10) found support for the belief that fibro- 
sis does not progress indefinitely after cessa- 
tion of exposure. It would appear that if the 
dust concentration in asbestos factories can 
be kept below 5 million particles per cubic 
foot, new cases of asbestosis would not arise 
(2). Cartier (11) has found cases of asbesto- 
sis only in those employed for at least 14 
years and exposed to air containing at least 
5 million fibrous particles varying in length 
from 10 to 250 microns per cubic foot of air. 
Doll (12) has concluded from a study of 
105 necropsies of individuals employed at 
an asbestos works that lung cancer is a spe- 
cific hazard of asbestos workers. 


Analysis 


While the analysis of asbestos dust as an 
aerial contaminant is not of particular im- 
portance, its microscopy and above all the 
evaluation of the number of particles per 
cubic foot of air is of paramount importance. 
Air samples may be secured by the impinger 
method using 25 to 50 per cent alcohol as a 
collecting medium and dust counts made by 
the usual method. Microscopic examination 
of the dust reveals typical asbestos fibrous 
particles which may be accompanied also by 
cotton or other textile fibrous materials in 


samples taken from the air of weaving fac- 
tories. The index of refraction being only 
slightly greater than that of Canada bal- 
sam, the relief is low. Other forms of as- 
bestos than chrysotile have somewhat higher 
indices of refraction. Extinction is parallel 
except in the case of tremolite which has 
oblique extinction. The birefringence of 
chrysotile is moderate n, — ng = 0.013. The 
maximum interference color is bright yellow 
of the first order. The air sampling of asbes- 
tos dust both by the impinger method and by 
the electrostatic precipitator method is dis- 
cussed in detail by Fehnel (13). 
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BARIUM 
Characteristics 


Barium, Ba, atomic weight 137.36, density 
3.5, melting point 850° C., and boiling point 
1140° C., is a yellowish-white, slightly lus- 
trous, soft metal which is somewhat malle- 
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able and is very easily oxidized. Metallic 
barium is of little commercial importance 
and barium occurs in commerce chiefly as 
barite, BaSO,. Barium is divalent and forms 
only one series of compounds. 


Industrial Uses 


During 1951 the consumption of barite in 
the United States amounted to 950,900 short 
tons and had nearly doubled in amount over 
that reported 10 years previously. Over 62 
per cent of the tonnage was used in oil-well 
drilling muds. The amount used for litho- 
pone manufacture in 1951 was 107,094 short 
tons, while the production of barium chemi- 
cals accounted for 132,268 short tons; 25,779 
tons were used in glass making, 28,000 tons 
for paint filler and 15,000 tons were used in 
the rubber industry (1). Barite is the only 
domestic barium mineral in commercial use 
although a small amount of witherite, 
BaCOs, is imported from Great Britain, 
which is the world’s source of this material. 
Metallic barium is used for the removal of 
residual gases in electronic tubes in which 
case it is usually alloyed with either mag- 
nesium or aluminum. Both barium oxide and 
barium nitrate are used for pyrotechnic pur- 
poses and found some application in tracer 
bullets during World War II and in the new 
thermite incendiary bombs which were used 
in Japan. Barium hydroxide is used to a 
certain extent in beet sugar purification. 
Barium sulfate is extensively used for roent- 
genological examination of the gastrointes- 
tinal tract. Barium stearate is used as a 
stabilizer and as a mold lubricant in the 
rubber and plastics industries where the 
mold temperatures are high. 


Toxicity 


Cases of barium poisoning have for the 
greater part arisen from the ingestion of 
barium carbonate in rat poisons or from 
mistakes which have occurred in dispensing 
the carbonate or sulfide instead of the sul- 
fate for roentgenological purposes. A simi- 
lar mistake occurred in which barium chlo- 
ride was dispensed in place of sodium 
chloride (2). A case of mass poisoning of 85 
soldiers has been reported in which barium 
carbonate had been erroneously added to 


flour (3). Numerous cases of poisoning have 
been reported in the Kiating and Wutunge- 
hiao provinces of China due to contamina- 
tion of table salt with barium chloride (4, 
5, 6). While the fatal dose of barium is 
probably 0.8 to 0.9 gram of the chloride (7), 
recovery has occurred from much larger 
doses where prompt treatment was admin- 
istered. (The ingestion of soluble barium salts 
causes vomiting, colic, and violent diarrhea. 
Hemorrhages have been found in the stom- 
ach, intestines, and other organs. Sodium 
chloride solutions containing barium chlo- 
ride fed or injected in rabbits and dogs 
caused nausea, vomiting, diarrhea, saliva- 
tion, and weakness in extremities followed 
by paralysis (8, 9, 10, 11). Guareschi and 
Boari (10) found that the hypodermic ad- 
ministration of barium chloride in amounts 
of 23 to 25 milligrams caused death of guinea 
pigs, amounts of 15 to 19 milligrams caused 
toxic effects, but no lesions were produced 
by 2-milligram quantities. Although barium 
poisoning has not been of much significance 
industrially, barite pneumoconiosis has been 
reported among workers in barite mills (12). 
Pendergrass and Greening (13) have re- 
ported a case of baritosis where a worker 
was exposed to finely divided particles of 
barium sulfate, and bronchial irritation due 
to barium carbonate dust has been noted in 
a factory where bomb casings are heated in 
barium carbonate (14). The depilatory ac- 
tion of barium sulfide has been a source of 
complaint among workers preparing litho- 
pone and whitening of the hair has also been 
reported among barium workers. 


Analysis 


The analytical determination of small 
amounts of barium is somewhat difficult, al- 
though the properties of both the sulfate 
and chromate are such that this separation 
would appear relatively simple. A chromate 
method has been devised, however, which, 
in spite of the appreciable solubility of bar- 
ium chromate especially in the presence of 
other salts, may be usefully applied (15). 
While the colored barium salts of tetrahy- 
droxyquinone and rhodizonic acid are too 
soluble to be of much value in trace analysis, 
a method for the determination of barium 
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dust as an aerial contaminant has been de- 
vised which utilizes the selective formation 
of mixed crystals of barium sulfate-potas- 
sium permanganate when barium sulfate is 
precipitated from solutions containing po- 
tassium permanganate (16). The principal 
spectral are lines of barium are 5535.54, 
4934.09, and 4554.04. 
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BERYLLIUM 
Characteristics 


Beryllium, Be, atomic weight 9.02, den- 
sity 1.73, hardness 7.5-8.0, melting point 
1300° C., boiling point about 1500° C., is a 
dark gray metal resembling steel in appear- 


ance and luster, and is hard enough to 
scratch glass. It is a very light metal having 
about the same density as magnesium, The 
salts are sweet in taste. Beryllium yields 
only one series of salts derived from the one 
oxide, BeO. The normal salts have an acid 
reaction in aqueous solution, hydrolysis of 
the fluoride and sulfate being particularly 
marked, so complete in fact the metallic 
zinc dissolves in an aqueous solution of be- 
ryllium sulfate with the evolution of hydro- 
gen. Beryllium is differentiated from other 
members of the alkaline earth group by the 
insolubility of its oxide. It may be distin- 
guished from aluminum by the solubility of 
beryllium hydroxide in an excess of sodium 
bicarbonate—probably due to the forma- 
tion of a complex bicarbonate ion, a prop- 
erty which is of use in its analytical separa- 
tion. 


Industrial Uses 


World production of beryllium ore in 1945 
(854 metric tons) was 83 per cent less than 
in 1943 when special war uses induced the 
much larger output (1). World production 
of beryllium concentrates in 1951 was 5,720 
metric tons. Beryllium enters into industry 
in several forms, as beryllium-copper alloys, 
as the oxide, as metal, and as beryllium salts, 
and to a very minor extent as beryllium- 
nickel or beryllium-aluminum. An increas- 
ing use because of the employment of in- 
dustrial radiography has been for windows 
of X-ray tubes where it permits the passage 
of “soft” or long wavelength radiation. Be- 
ryllium oxide or zinc beryllium silicate was 
formerly used as a phosphor giving a yellow- 
white light in fluorescent lamps. Another 
growing use of the oxide is for refractory 
crucibles and shapes. Beryllium-copper al- 
loy is distinguished by its hardness, high 
tensile strength, and resistance to corrosion 
and fatigue, while its electrical conductivity 
is but little different from that of copper. 
The alloy is finding an increasing range of 
application because of its unusual properties. 


Toxicity 
An investigation of the physiological ac- 


tion of beryllium and its compounds re- 
ported in the National Institutes of Health 
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Bulletin, The Toxicology of Beryllium (2); 
indicates that there is no specific toxic ac- 
tion attributable to the beryllium ion. In 
this study, animal experiments were made in 
which a number of beryllium compounds 
were injected intraperitoneally into guinea 
pigs at various concentrations, beryllium 
compounds were administered orally to both 
young rats and guinea pigs, and finally 
guinea pigs were exposed to the dust of be- 
ryllium compounds in high concentrations 
and over long intervals of time with no in- 
dication that beryllium is inherently toxic. 
There was no evidence of beryllium rick- 
ets. Exposure of both guinea pigs and rats 
to the fumes arising from the electrolysis of 
molten fluorides containing beryllium fluo- 
ride or oxyfluoride shows that these fumes 
are decidedly toxic. The distribution of be- 
ryllium in the various organs and tissues of 
the experimental animals indicates but very 
little storage of beryllium following expo- 
sure to large amounts whether by mouth, by 
inhalation, or by intraperitoneal injection. 

The inhalation of beryllium sulfate dust 
was shown to be injurious to guinea pigs 
(67 per cent mortality in one exposure), but 
when the more neutral potassium beryllium 
sulfate was substituted the animals were 
able to tolerate much larger doses (no mor- 
tality in heavy exposures daily for 7 days). 
Later experimental work, using rabbits as 
experimental animals, has confirmed this 
earlier finding. Beryllium sulfate hydrolyses 
freely and probably causes strong local ir- 
ritation at those sites to which the material 
is carried on inhalation, whereas inhalation 
of a soluble neutral salt such as potassium 
beryllium sulfate, while yielding as high or 
higher concentrations of beryllium, does not 
produce this injury. If beryllium were a 
protoplasmic poison, both beryllium sulfate 
and potassium beryllium sulfate should 
show similar effects. 

There have been many reports in recent 
literature concerning the industrial hazards 
associated with the production of beryllium. 
Shilen, Galloway, and Mellor, in 1944 (3), 
reported the health hazards incident to the 
extraction of beryllium. Kress and Crispell 
(4) have reported cases of chemical pneu- 
monitis in men working with fluorescent 
powder containing beryllium. Van Ordstrand 


and his associates (5, 6) have reported re- 
spiratory tract disease and dermatological 
effects which they have observed in the be- 
ryllium industry during 1941 to 1945. The 
fatal cases described in this report resulted 
from chemical pneumonitis presumably due 
to exposure to mist or dust of beryllium sul- 
fate. A similar chemical pneumonitis de- 
veloped in an additional 33 workers at vari- 
ous occupations in these plants. While the 
hazard due to dust and fume that exist in 
the plants was undeniable, and the hazards 
of such exposures were indicated in the bul- 
letin referred to (2), further direct experi- 
mental evidence with reference to a possible 
physiological response to beryllium is 
needed. When beryllium sulfate or fluoride 
comes into contact with cuts or abraded 
surfaces of the hands, rather deep ulcers are 
formed which are slow in healing. The be- 
ryllium salts of weak acids have been shown 
to have far less effect on the skin (7). In 
connection with the manufacture of fluores- 
cent lamps, a number of cases, which were 
designated as sarcoidosis, were reported in 
1943 in the Massachusetts area. Since bery]- 
lium oxide is one of the constituents of the 
fluorescent powder, this substance was sus- 
pected as the etiological factor in the pro- 
duction of sarcoidosis. Hardy arid Taber- 
shaw (8) reported 17 cases of delayed 
chemical pneumonitis occurring in workers 
exposed to phosphors containing beryllium 
in a plant manufacturing fluorescent lamps. 
There have been six deaths. The feature that 
separates the present group from previous 
reports in the literature is the delay in onset 
following common exposure and progression 
of the disease in spite of change in environ- 
ment. These cases were attributed, if not 
directly, at least by implication, to beryl- 
lium poisoning. Grier, Nash, and Freiman 
(9) have recently described three cases of 
subcutaneous granuloma arising from cuts 
with broken fluorescent lamp tubes. The 
authors ascribe the granulomatosis to beryl- 
lium. Eighty-five cases of beryllium intoxi- 
cation in a factory extracting beryllium by 
the fluoride process have been reported by 
Ginabat (10). These cases were cured with- 
out sequelae, but resulted in the loss of 778 
work days. Ginabat stressed the hazards of 
beryllium production and stated that ener- 
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getic prophylactic measures should be taken 
to suppress the risks involved. Shilen and his 
associates have also recently reported an 
extensive investigation of the health hazards 
of beryllium extraction and alloy manufac- 
ture in which they made careful measure- 
ment of the fluoride and beryllium content 
of the air at various stations in the plant, as 
well as dust concentration and count and 
nitric oxide fumes from the pickling vats 
(11). 

The exact etiology of many reported cases 
has not been established as other than bery]- 
lium, and, since inhalation of the dust, mist, 
and fume of certain beryllium salts, such as 
the fluoride, sulfate, chloride, and oxyfluo- 
ride, is known to be hazardous (2), it is im- 
portant to maintain environmental condi- 
tions as free as possible from the smoke, 
mist, or fumes of these salts. 

A great number of “cases” implicating 
beryllium have been reported where only 
infinitesimally minute amounts of beryllium 
could possibly have been concerned. On the 
other hand Shilen and his associates (12) 
have recently completed a 10-year study of 
a beryllium plant which produces approxi- 
mately 90 per cent of the extracted and al- 
loyed beryllium made in the United States. 
During this 10-year period beryllium expo- 
sures have run as high as 8.8 milligrams per 
cubic meter of air, many workers have been 
employed for 12 years or more, and urinary 
analyses for beryllium of these employees 
have indicated definite absorption. Shilen 
found that “there is nothing indicated in the 
entire study to lead to the conclusion that 
this plant presents more hazardous working 
conditions than any other plant in the metal 
industry.” 

The authenticated facts that workers are 
daily exposed to the dust and fumes of a 
variety of beryllium compounds, and yet can 
remain well and healthy, contrasts with the 
many theories put forth to indicate that 
beryllium is an extremely toxic substance. 
There is pressing need for further careful 
scientific investigation in this field. 


Analysis 
The analytical separation and identifica- 


tion of beryllium even when present in quan- 
tity is difficult. The beryllium ion is not 


colored in any of its compounds and the 
close similarity of beryllium and aluminum 
in their chemical behavior complicates the 
determination of beryllium. Sodium bicar- 
bonate is useful, however, in separating be- 
ryllium from aluminum, as aluminum hy- 
droxide is precipitated by this reagent while 
beryllium remains in solution. 1-4-Dihy- 
droxyanthraquinone-2-sulfonic acid (2) and 
1-amino-4-hydroxyanthraquinone (13) give 
useful color and fluorescence tests, respec- 
tively. Sensitive are lines for the spectro- 
graphic detection of beryllium are 3321.35, 
3321.08, 3131.06, and 2348.62. 
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BISMUTH 


Characteristics 


Bismuth, Bi, atomic weight 209, is a hard. 
brittle, lustrous, pinkish silver-white metal 
which is usually covered with a film of bis- 
muth oxide. It has a density of 9.78 (20° C.), 
melts at 271°C., and boils at 1435.5°C. 
When the molten metal is cooled it crystal- 
lizes in cube-like rhombohedrons and while 
doing so it expands considerably. Because of 
its internal crystalline structure, the metal 
can be powdered easily. Bismuth is.a good 
conductor of electricity, but a poor conduc- 
tor of heat. When heated in air it is con- 
verted into the trioxide (BigO3). The metal 
decomposes steam and combines directly 
with the halogens and with sulfur. Only the 
oxyacids attack metallic bismuth to form 
salts. Bismuth is usually present as an im- 
purity in leads ores from which it is sepa- 
rated by an electrolytic process. All of the 
metallic bismuth produced in the United 
States is a by-product from the manufacture 
of electrolytic lead and copper. 


Industrial Uses 


Pharmaceutical manufacturers used 36 
per cent of the 1,592,000 pounds of bismuth 
consumed in the United States in 1951. Bis- 
muth pharmaceutical products comprise 
principally anti-syphilitic drugs, indigestion 
remedies, and cosmetic powders. Metallurgi- 
cal uses accounted for most of the remainder. 
The commercial bismuth alloys have low 
melting points and tend to expand on solidi- 
fication. These properties make them es- 
pecially useful as a support for thin-walled 
tubing to prevent wrinkles or collapse while 
being formed; to hold parts in dies or ma- 
chine tools; to liquid-seal nitriding furnaces; 
and in ammunition and substitute solders. 
Additions of small quantities of bismuth or 
bismuth-lead to aluminum alloys, to steels 
(stainless, manganese, and carbon), and 
some other alloys result in marked increases 


in machineability. Estimated world produc- 
tion of bismuth in 1951 was about 3,520,000 
pounds. The main producers were the United 
States, Peru, Canada, and Mexico. 


Toxicity 

The ordinary basic bismuth salts are prac- 
tically insoluble in water and sparingly solu- 
ble in tissue fluids. Because of their fineness, 
insolubility, and density, these bismuth 
compounds adhere to mucous surfaces and 
inflamed areas and are used to furnish me- 
chanical protection for ulcers, burns, and 
fistulas. A small amount of bismuth goes 
into solution and exerts a mild astringent 
and antiseptic action. These properties make 
the insoluble basic carbonate and nitrate 
helpful in the treatment of diarrhea, gastri- 
tis, and hyperacidity (1). 

For many years extensive use has been 
made of bismuth compounds in the treat- 
ment of syphilis. Intravenous injection of 
water-soluble bismuth compounds is not 
used clinically because of the relatively high 
toxicity which has been shown experimen- 
tally and confirmed in the few clinical trials 
that have been reported. Clinical injections 
of “insoluble” bismuth tend to produce some 
diuretic effect analogous to that of mercury 
but generally not so marked. Peters (2) 
points out the similarity between the phar- 
macologic and toxic behaviour of lead and 
bismuth. Bismuth like lead may be liberated 
from tissue deposits during acidosis. Serious 
and sometimes fatal poisoning may occur 
with the injection of large doses into closed 
cavities and with extensive application to 
burns. Toxic manifestations and deaths fol- 
lowing the intramuscular and rectal admin- 
istration of the bismuth salt of hepta-diene- 
carboxylic acid (diallylacetic acid) in the 
treatment of infections of the upper part 
of the respiratory tract have been ascribed 
not to the bismuth part of the molecule, but 
to the hepta-dienecarboxylic acid or a con- 
taminant thereof which may have been the 
hepato-toxin responsible for these deaths 
(3). Death of animals from bismuth nephri- 
tis following injection of soluble bismuth 
salts occurs within several hours to 24 days, 
the time being generally inversely propor- 
tional to the dose. The fatal dose by intra- 
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muscular injection appears to be of the order 
of 5 to 10 times higher than that by slow 
intravenous injection, for rabbits (4). In 
animals renal injury requires doses equiva- 
lent to more than nine times those used in 
human therapy (5). In man, the therapeutic 
dosage may produce foul breath, black line 
at the alveolar margin, and sometimes black 
spots on the buccal mucosa and throat, and 
annoying, but not serious stomatitis. It is 
stated that the administration of bismuth 
should be stopped when gingivitis appears 
for, otherwise, serious ulcerative stomatitis 
is likely to result, and other toxic effects may 
develop, such as malaise, albuminuria, diar- 
rhea, skin reactions, and sometimes serious 
exfoliative dermatitis (3). A survey of 121 
cases treated for syphilis demonstrates that 
10.3 per cent were affected with bismuth 
hepatitis (6). 


Analysis 


Moeller (7) has developed a method for 
the determination of bismuth which depends 
upon the spectrophotometric examination of 
chloroform solutions of the bismuth deriva- 
tive of 8-hydroxyquinoline and which is ap- 
plicable even in the presence of certain other 
metals providing they are not present in too 
large amounts. When less than 10 micro- 
grams of bismuth is to be determined, San- 
dell (8) recommends the dithizone method. 
Even 1 microgram of bismuth can be de- 
termined by this method with fair accuracy. 
A rapid and specific method for the estima- 
tion of bismuth in body fluid is based on the 
deposition of the bismuth on a copper wire 
spiral with the nephelometric estimation of 
the redissolved bismuth by the quinine- 
potassium iodide test (9). Sensitive arc lines 
for the spectrographic identification of bis- 
muth are 3067.7 3024.6, 2938.3, and 2898.0. 
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BORON 


Characteristics 


Boron, B, is a nonmetal, atomic weight 
10.82, melting point 2300° C., boiling point 
2550° C., and density 2.4. Boron forms the 
oxide, B,O3, and there is evidence of sub- 
oxides, BO and B;0. The sesquioxide may be 
prepared by heating boric acid to red heat. 
Boron oxide shows only faint basic proper- 
ties and is in effect acidic although boric acid 
is a very weak acid. The addition of strong 
acids to borates liberates the weak boric 
acid, and this crystallizes from the water so- 
lution as the ortho-acid, H3sBO3. The solu- 
bility of this acid increases markedly with 
temperature, as a saturated solution con- 
tains 2.6 per cent at 0° C. and 28.7 per cent 
at 100° C. The acid is somewhat volatile 
from hot solutions, possibly due to the for- 
mation of volatile hydrates (1). A native 
sodium tetraborate is found in California, 
Nevada, Oregon, and Asia Minor, and borax 
(Na2B,07:10H2O) is prepared from these 
naturally occurring borates. Mineral borax 
was originally obtained from a salt lake in 
Tibet and sent to Europe under the name 
of “Tinkal.” From an industrial viewpoint, 
borax is the most important of all boron 
compounds. 


Industrial Uses 


The use of a minute amount of boron 
added to steel by means of ferro-alloys 
known as special addition, or “needling,” 
agents or as intensifiers increases the hard- 
ness and improves the mechanical properties 
of steel in the quenched and drawn states. 
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About 0.003 per cent boron in steel ap- 
pears to be the optimum amount. Production 
of boron-treated steels has been growing 
rapidly and interest continued unabated 
during 1951. It was estimated that by the 
end of the year as much as 15 to 20 per cent 
of the alloy steel produced in the United 
States contained boron (2). Boron has a 
strong tendency to absorb neutrons and this 
characteristic makes boron steel useful in 
controlling the operating rate of the 
uranium-graphite piles used to produce the 
new element, plutonium. Boron trifluoride 
(BF3) is also used in instruments employed 
for measuring neutron intensity in the piles. 
Amorphous boron of 82 to 86 per cent boron 
purity is now quoted at 11 dollars a pound in 
100 pound lots or over. The so-called boron 
carbide, BeC, has recently attained commer- 
cial importance because of its great hard- 
ness. It is prepared by the reduction of boric 
acid with carbon in the electric are furnace. 
Boric acid is used in medicine, under the 
name “boracic acid,” as a mild antiseptic. 
Probably the principal uses are as a lavage 
for the eye, for irrigating body cavities, and 
in boric acid ointment as an antiseptic and 
bland preparation for the treatment of burns. 
The easy solubility of borax in water form- 
ing a mildly alkaline and antiseptic solu- 
tion, its low melting point, and its excellent 
fluxing properties make it one of the most 
useful of salts. Many articles of everyday 
life require borax in their manufacture. 
Borax fuses to form a glass which, since it 
contains an excess of acid oxide, is capable 
of dissolving metal oxides. Upon this prop- 
erty depends its use in soldering and welding 
to clean the metal surface of castings of 
oxide. Many oxides dissolved in fused borax 
impart characteristic colors (the familiar 
borax bead test). The colored glass finds use 
as artificial gems, and when ground, as pig- 
ment. Borax is used in the manufacture of 
glass, enamels, soap, and sizing for paper, 
and as a preservative for wood and meats. 
The production of boron minerals in the 
United States in 1951 amounted to 862,797 
short tons, while the apparent consumption 
in that year was 650,000 short tons of boron 
minerals and compounds (2). 


Toxicity 

Search of the medical literature reveals 
many instances of accidental poisoning with 
boric acid—cases of poisoning due to oral in- 
gestion of borates or boric acid and cases 
presumably due to absorption of boric acid 
from wounds and burns (3, 4). The fatal 
dose of orally ingested boric acid in an adult 
is somewhat more than 15 to 20 grams and in 
an infant 5 to 6 grams (5). The symptoms 
which may be encountered in poisoning are 
depression of the circulation, persistent 
vomiting and diarrhea, followed by pro- 
found shock and coma. The temperature is 
subnormal and most observers describe a 
scarletina-form rash, which may cover the 
entire body. 

Pfeiffer and his associates (4) have in- 
vestigated the toxicity of boric acid and have 
shown that there is a significant absorption 
of boric acid when applied as a 10 per cent 
ointment to large areas from which the skin 
has been removed or to large areas of burned 
skin. However, the U.S. Food and Drug 
Administration state that there is no hazard 
in the use of taleum powders with 5 per cent 
of boric acid powder and that these prepara- 
tions may safely be used as dusting powders 
for babies. 

The boron hydrides—diborane, penta- 
borane and decaborane—are highly toxic 
and present a serious health hazard in manu- 
facture and use (6, 7, 8). Svirbely (9, 10) 
has recently investigated the acute and sub- 
acute toxicity of pentaborane and deca- 
borane vapors and found that an accumu- 
lated toxic effect apparently follows repeated 
subacute exposures in animals. Typical LDs5o 
values for rats were 17.8 parts per million 
and for mige 10.9 parts per million following 
4 hours of exposure. Detoxification of these 
boron hydrides within the body apparently 
does not readily occur. 


Analysis 


Boric acid develops colors with alizarin Ss, 
quinalizarin, and the sodium salt of p-nitro- 
benzene-azo-chromo-tropic-acid. Fluorides 
and oxidizing substances in general interfere 
and must be eliminated for quantitative 
evaluation. The quinalizarin is perhaps the 


INORGANIC SUBSTANCES 29 


most sensitive colorimetric agent for boric 
acid. A trace of boric acid changes the color 
from violet to blue. It is important to note, 
however, that commercial samples of hy- 
droxyanthraquinone occasionally contain 
traces of boric acid, and that a purified 
grade of quinalizarin is necessary. A famil- 
iar test for boric acid, which is frequently 
applied, depends upon the formation of a 
volatile ether with methyl] and ethy] alcohols, 
the vapor of which when ignited yields a 
green colored flame. The titration of boric 
acid in the presence of glycerol (11) or 
mannitol (12) is useful for the determination 
of larger amounts of boric acid. The Na- 
tional Bureau of Standards has reported new 
spectrographic methods for the determina- 
tion of boron in steel which will determine 
one part of boron in a million parts of steel 
(13). 
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BROMINE 
Characteristics and Industrial Uses 


Bromine, Br, atomic weight 79.92, liquid 
density 3.19 at 0° C., melting point —7.3° C., 
boiling point 58.8° C., is a reddish-brown 
liquid with fumes of the same color. Gaseous 
bromine has a density of 5.524 (air = 1). 
Bromine is found mainly as the bromides of 


‘alkali metals, in natural waters, brines, and 


sea water. Commercially it is recovered from 
brines and sea water. Liquid bromine is used 
as a reagent, an oxidizing agent, in organic 
synthesis, and in the manufacture of poison 
gas. A large portion of American-made 
bromine is consumed in an intermediary step 
in the manufacture of lead-tetraethyl. 
Pharmaceutically bromides are used as 
nerve depressants for sedative effects. Bro- 
mine production in the United States during 
1951 amounted to 129,563,000 pounds. 


Toxicity 


The physiological action of bromine is 
essentially the same as that of chlorine. It 
is a strong irritant to the upper respiratory 
passages and the lungs. Following the 
breathing of small amounts, there is an in- 
creased secretion from mucous surfaces, 
nosebleed, vertigo, and headache. After sev- 
eral hours’ exposure there is nausea and epi- 
gastric pain, while after exposure to larger 
amounts there is brownish discoloration of 
the tongue and mucous surfaces, character- 
istic odor of the breath, bronchitis, and bron- 
chial asthma, all of which may be followed 
by more severe symptoms. Like chlorine, the 
maximum concentration allowable for short 
exposure (1% to 1 hour) is 4 parts per mil- 
lion; the concentration dangerous for short 
exposure 40 to 60 parts per million, and the 
concentration rapidly fatal for short ex- 
posure is 1000 parts per million (1). The 
symptoms of poisoning from overdoses of 
bromides as nerve depressants are mental 
confusion, stupor, delusions, headache, nerv- 
ousness, weakness, and sometimes a skin 
rash (2). Large doses cause exhaustion and 
cardiac failure. Bromine is very corrosive to 
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the skin and causes burns of a deep and 
penetrating nature, followed by ulceration 
which is persistent and difficult to heal. In 
cases where bromine has been accidentally 
spilled on the skin, the area should be 
promptly washed and treated with a paste of 
sodium bicarbonate. 


Analysis 

Bromine may be separated from a number 
of other substances following its oxidation 
to the elemental form by either distillation 
or extraction from aqueous solution by 
means of any one of a number of solvents. 
A number of colorimetric procedures have 
been devised for the determination of small 
amounts of bromine. A color, for instance, 
is developed with Schiff’s reagent (3) ; bro- 
mine forms a violet color in a sulfuric acid 
solution of basic fuchsin (4) ; eosin is formed 
by the interaction of bromine and fluores- 
cein and may be used as a quantitative 
measure of the amount of bromine present 
(5). Phenol red similarly absorbs small 
quantities of bromine to form an indicator 
of the bromphenol blue type which is suit- 
able for colorimetric determination (6). 
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CADMIUM 
Characteristics 


Cadmium is a silver-white, bluish-tinged, 
lustrous metal, sufficiently soft to be cut 
with a knife. Its atomic weight is 112.41; 
melting point 320.9° C.; boiling point 767° 
C.; and density 8.6. The solubility of cad- 
mium hydroxide, Cd(OH)s, in water at 25° 
C. is 1.75 X 10° grams of the anhydrous sub- 


stance per 1 liter of solution. The metal is 
much more ductile and malleable than zine 
and is capable of taking a high polish. When 
heated in air, cadmium volatilizes and burns 
with a bright flame emitting an abundance of 
brown fumes of cadmium oxide. Cadmium 
is readily soluble in dilute hydrochloric acid, 
slowly soluble in hot hydrochloric acid, and 
is almost unattacked by cold sulfuric acid. 
Unlike zinc, cadmium does not dissolve in 
alkali. Cadmium hydroxide is more soluble 
and more basic than zinc hydroxide and is 
soluble in ammonium hydroxide and in cya- 
nides with the formation of the complex ions 
Cd(NHs3)4** and Cd(CN)47~. 


Industrial Uses 


Cadmium is principally used for the pro- 
tective coating of steel and, to a much lesser 
extent, of copper and other alloys. The pro- 
duction of cadmium metal, or in pounds of 
contained cadmium, for 1953 was 9,837,197 
pounds and the apparent consumption in the 
United States increased from 9,007,577 
pounds in 1952 to 9,627,000 pounds in 1953. 
Cadmium is used in certain bearing alloys 
for automotive engines, aircraft, and marine 
engines. These bearings are stronger than 
babbitt and have superior embeddability 
and ease of bonding. Together with either 
silver or lead and tin, cadmium has been 
used in solders. When added to the extent 
of 1 per cent to copper, it forms an alloy 
which improves strength and wear resistance 
without seriously reducing the electrical 
conductivity of such material as trolley wire. 
About 0.4 per cent of cadmium is added to 
some type metals in order to improve the 
casting properties of the alloy. Smaller 
amounts of cadmium are used in pigments 
and in chemicals. 


Toxicity 

In spite of the increased attention which 
has been devoted to the hygienic significance 
of cadmium, cases of poisoning, usually of 
unsuspected origin, appear with sufficient 
frequency to re-emphasize the fact that cad- 
mium is a potentially dangerous substance. 
The careless use of cadmium-coated vessels 


as food or beverage containers has caused 
numerous cases of cadmium poisoning, the 
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majority of which have occurred since Janu- 
ary 1941. Prior to this date, only 20 cases of 
cadmium poisoning due to the ingestion of 
cadmium had been reported in the literature. 
However, a large number of cases of cad- 
milum poisoning from contaminated food or 
drink has since been reported; for example, 
Frant and Kleeman, 1941 (1), 50 cases; 
Cangelosi, 1941 (2), 208 cases; Schiftner and 
Mahler, 1943 (3), 7 cases; Jenner and Cun- 
ingham, 1944 (4), 62 cases; Lufkin and 
Hodges, 1944 (5), 12 cases; Garber, 1946 
(6), 50 cases; Musso, 1946 (7), 300 cases. 
There were reported therefore a total of at 
least 689 cases of cadmium poisoning by in- 
gestion within the 5-year period 1941 to 
1946. Doubtless many other cases occurred 
but were not of sufficient severity to be re- 
ported. For instance, an outbreak believed 
to be due to cadmium poisoning in 1944 inca- 
pacitated 70 per cent of the personnel aboard 
a destroyer (8). 

The symptoms of cadmium poisoning pro- 
duced by ingestion are as follows: increased 
salivation, choking attacks, persistent vom- 
iting, abdominal pain, diarrhea, and tenes- 
mus (9). The significant feature of cadmium 
poisoning by mouth is the rapidity of physio- 
logical response. Usually individuals are af- 
fected within 15 to 30 minutes after inges- 
tion of food or drink containing toxic 
quantities of cadmium. This in itself should 
be suggestive in cases of so-called food poi- 
soning. However, occasionally symptoms 
may be delayed as long as 4 or 5 hours. 

Occupational hazards with reference to 
cadmium are encountered in the smelting of 
ores and the manufacturing of alloys, in the 
spraying of metallic cadmium or pigments, 
in the heating of cadmium-coated iron and 
steel products, in the welding of cadmium- 
coated articles, and from the accidental ig- 
nition of cadmium dust or of molten cad- 
mium. The increased use of cadmium in 
industry has largely resulted from its use 
in electroplating. Somewhat parallel with 
this increase, there has been an increased 
amount of poisoning. In general, the latter 
has not been primarily due to the electro- 
plating process, but to the subsequent firing 
or welding of cadmium-plated material or 
the over-heating and oxidation of cadmium 


metal. The extensive report of Spolyar and 
his associates (10) on cases of cadmium 
poisoning resulting from flanging operations 
on cadmium-plated pipe gives a particularly 
clear insight into the type of danger result- 
ing from exposure to cadmium oxide fumes. 
Five cases are summarized, including one 
death. The mortality rate of industrial cad- 
mium poisoning on the basis of the 59 cases 
reported in the literature appears to be 15 
per cent. Ross (11) has recently cited a case 
of mass poisoning due to cadmium oxide 
fumes in which 23 individuals were affected. 
Finely divided cadmium dust from a cad- 
mium recovery chamber became ignited due 
to red-hot cigarette ash carelessly dropped 
by one of the workers. The cadmium dust 
became incandescent in a few minutes emit- 
ting clouds of cadmium oxide fumes. Al- 
though no fatality occurred, incapacity was 
somewhat serious in some of the cases, dis- 
ability amounting to as much as 2 months 
in one case. In the 14 cases recently reported 
by Shiels and Robertson (12) cadmium poi- 
soning occurred as a result of inhalation of 
fumes arising from fire in a machine shop. 
A characteristic often reported with refer- 
ence to the effects of exposure to cadmium 
oxide fume is that of delayed action. The 
effects usually appear 3 or 4 hours after ex- 
posure. 

Most often fatalities from cadmium poi- 
soning have resulted from inhalation of the 
fumes of cadmium oxide rather than the in- 
gestion of cadmium salts. The first symp- 
toms of industrial cadmium poisoning are 
usually dryness of the throat, cough, head- 
ache, vomiting, and a sense of constriction 
of the chest. The later symptoms are refer- 
able principally to the respiratory system 
and are characterized by cough, pain in the 
chest, severe dysphoria, and prostration. 
These symptoms result from a pneumonitis 
which in many instances is followed by bron- 
chopneumonia. Unfortunately, cadmium ox- 
ide fumes have no pronounced odor nor im- 
mediate irritant effect and can be breathed 
in fatal concentrations without enough dis- 
comfort to drive the worker away from the 
exposure. A total of 11 deaths due to inhala- 
tion of cadmium fumes have occurred up to 
1946. Barrett and his associates (13) have 
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made an extensive investigation of the phys- 
iological effects of exposure to cadmium and 
have determined the LD5o dose for a num- 
ber of species of animals and the type of 
pathological effect produced by such expo- 
sure. They estimate that the lethal dose of 
thermally generated cadmium oxide for man 
is probably not over 2,900 minutes per milli- 
gram per cubic meter. Doses considerably 
less than this caused incapacitation of all 
men who were exposed to it in an accidental 
exposure in a Canadian plant. The patho- 
logical findings in experimental animals 
which have been exposed to inhalation doses 
of cadmium oxide or cadmium chloride are 
confined to the lungs. Harrison and his asso- 
ciates (14) have determined the lethal con- 
centration of.cadmium chloride mist for dogs 
and have investigated the lung pathology 
produced by this substance. Princi (15) has 
investigated the effects of continued expo- 
sure of workers to cadmium dusts and fumes 
and has found no evidence of chronic poison- 
ing. Some of the average atmospheric con- 
centrations were found to be as high as 31.3 
milligrams of cadmium per cubic meter of 
air. The most characteristic finding was a 
yellow ring on the teeth of the men who had 
had long exposure. Continuously exposed 
individuals having a blood cadmium concen- 
tration below 0.040 milligram per 100 grams 
of blood and a urinary cadmium concentra- 
tion below 0.10 milligram per liter showed 
no apparent clinical abnormalities. These in- 
vestigators suggest that cadmium may not 
be as great an industrial hazard as has pre- 
viously been reported. As a result of cases 
of cadmium poisoning arising from the heat- 
ing of cadmium coated metal with the at- 
tendant formation and volatilization of dan- 
gerous quantities of cadmium oxide, there 
has been agitation for the labelling of cad- 
mium coated metals. While this is effective 
for large pieces, it is somewhat difficult to 
control as a means of protection when small 
objects are so coated. 

Cadmium oxide dust is not apparently as 
hazardous as cadmium oxide fume. Princi 
and Geever (16) in a study of 30 dogs ex- 
posed for 1 year to either cadmium oxide 
dust or to cadmium sulfide dust found no 
observable physiological change in the ani- 


mals in that time, nor any demonstrable 
pathological changes in the lungs, livers and 
kidneys. Furthermore cadmium levels as 
high as 0.22 milligrams per 100 grams of 
blood and 0.357 milligram per liter of urine 
were unaccompanied by any evidence of 
damage. Gabby (17) found no evidence of 
damage following the oral administration 
of cadmium sulfide and cadmium selenide 
to rats. The only effect noted was a slight 
taste aversion when the diet contained more 
than 1 per cent of the compound. However, 
Friberg (18) has noted the occurrence of 
proteinuria among workers exposed to cad- 
mium dust and is inclined to attribute the 
proteinuria to cadmium. Potts et al. (19) 
have investigated the tissue distribution of 
cadmium following inhalation using cad- 
mium 115 as a tracer. Cotter and Cotter 
(20) have stressed the importance of study- 
ing the blood chemistry in cases of cadmium 
poisoning. 


Analysis 


The analytical methods for cadmium com- 
monly used are based on colorimetric com- 
parison with known amounts or by suitable 
dropping mercury electrode procedure. The 
colorimetric sulfide method with ultraviolet 
ray intensification has a sensitivity of 
1:2,500,000 and may be applied to the analy- 
sis of fume or dust, as well as to biological 
material (21). Cadmium may also be de- 
tected and estimated by Setterlind’s method 
using dithizone (22, 28), by cadion (23) 
(sensitivity 1:300,000,000), or by -naph- 
thoquinoline (24) (sensitivity 1:500,000). 
While the sensitivity of tests by these or- 
ganic reagents is reputed to be high, many 
substances interfere and care should be em- 
ployed in checking for the presence or ab- 
sence of cadmium by any of these reagents. 
Feicht and his associates (25) have devel- 
oped a procedure for the quantitative eval- 
uation of small amounts of cadmium with a 
lower limit for the reliable determination of 
this element lying between 0.025 and 0.05 
milligram of cadmium. Boudene and Tru- 
haut (26) have recently described a nephelo- 
metric method based upon the precipitation 
of brucine iodocadmate. Thiers and his asso- 
ciates (27) have shown that, while very fine 
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particulate cadmium oxide dust is practi- 
cally invisible in lung sections under the 
microscope, the particles may be revealed 
by subjecting unfixed sections of lung tissue 
to the vapor of 8-hydroxyquinoline. The 
particulate cadmium oxide is converted to 
cadmium 8-hydroxyquinolinate dihydrate 
which fluoresces intensely green under ultra- 
violet light. A field method for detection of 
cadmium coating on metal is that of Gold- 
stone which depends on formation of the 
readily distinguishable canary yellow color 
of cadmium sulfide (3). The distinctive lines 
for the spectrographic detection of cadmium 
are 3610.5, 3466.2, 3261.1, and 2288.0. 
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CERIUM 
Characteristics 


Cerium, Ce, resembles iron in color and 
luster but is only a little harder than lead. 
It is somewhat malleable and ductile and 
takes a good polish. It has a density of 6.8, 
melting point 640° C., and boiling point of 
1400° C. It oxidizes in moist air, burns in air 
like magnesium, and is insoluble in water, 
but is readily soluble in acids. Cerium is the 
most abundant and the most easily extracted 
of the rare-earth metals. It is found in cerite, 
allanite, and in monazite sand. The latter 
contains about 30 per cent of cerium oxide, 
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26 per cent phosphorus pentoxide, 16 per 
cent lanthanum oxide, 10 per cent neo- 
dymium oxide, and 8 per cent of thorium 
oxide (1). An alloy of the metals of the ce- 
rium group obtained from this sand is called 
mischmetal or commercially “cerium”, and 
is used for manufacturing ferro-cerium. Ce- 
rium forms two well-defined series of salts in 
which it has valences of 3 and 4, respectively. 


Industrial Uses 


The pyrophoric ferro-alloy of cerium is 
the most widely used material for lighter 
flints, and is also used in tracer bullets and 
other pyrotechnics and as a getter in thermi- 
onic tubes. Cerium is used in aluminum and 
magnesium alloys to improve the mechani- 
cal properties of pistons and other aircraft 
parts and in the ceramic field as a component 
of certain types of glass. The use of cerium 
oxide as an abrasive for polishing prisms 
and lenses in optical equipment results in 
an almost perfect polish three times faster 
than the best rouge (2). Many common and 
precious metal-cerium master alloys are 
available. Cerium standard alloy is made up 
of 40 to 50 per cent cerium, 22 to 25 per cent 
lanthanum, 15 to 17 per cent neodymium, 
and small amounts of other metals. The 
Welsbach mantle for gas light consists of 
thoria (ThOg) and 1 or 2 per cent of ceria 
(CeOz). Monazite is used in the production 
of chemicals and also as a flux in whiteware 
bodies and glazes. 


Toxicity 

Cerium resembles aluminum in pharmaco- 
logical, as well as in chemical properties. 
The insoluble salts, such as the oxalate, are 
stated to be nontoxic even in large doses. 
Cerium oxalate is used to prevent the vomit- 
ing of pregnancy. The average dose is 0.05 
to 0.5 gram (3). Lange (4) has reported 10 
years’ experience using “Peremesin”, a ce- 
rium preparation for this purpose. However, 


Ozaki (5) found that cerium tartrate pro- 


duced a direct injurious action on the hearts 
of small animals. The distribution of cerium 
in tissues and organs was determined by 
Provinciali (6). Absorption of cerium salts 
following oral administration is only slight 
and cerium is excreted exclusively by the 


gastrointestinal tract. Oelkers (7) has re- 
cently found that cerium chloride acts di- 
rectly on the smooth muscle of the intestines, 
producing loss of motility. The effect upon 
the nervous system of the rare-earth metals 
following inhalation may preclude to any 
large extent welding operations, during 
which these metals may be vaporized and 
inhaled by the worker (8). Cerium is stated 
to produce polycythemia but is useless in the 
treatment of anemia owing to its toxic ef- 
fects. The salts increase the blood coagula- 
tion rate. However, according to Meyer (9), 
cerium does not affect either the blood pic- 
ture or the growth of animals, and, in gen- 
eral, has a low toxicity rating. These effects 
are contrary to those found by Bamann (10) 
on intravenous injection of the salts of ce- 
rium. He states that these substances block 
the normal metabolic pathways and inter- 
fere with blood coagulation by reducing the 
prothrombin content of the blood. 


Analysis 


Most reagents which develop a color with 
cerium, such as benzidine hydrochloride, 
methylene blue, and sodium arsanilate, are 
not specific for this element, and interfering 
substances which are sometimes difficult to 
separate must be removed before cerium can 
be colorimetrically evaluated. However, it 
is stated that the color which develops with 
tannic acid in 50 per cent glycerol solution 
in the presence of cerium is specific. The 
blue-violet color thus obtained is sufficiently 
intense for the detection of 8 micrograms 
of the metal (11). The spectral lines of spe- 
cial sensitivity for cerium are 4186.60, 
4040.76, and 4012.40. 
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CHLORINE 


Characteristics 


Chlorine, Cl, a halogen element of atomic 
weight 35.46, boiling point —34.7° C., melt- 
ing point —102.1° C., density 2.488 (air = 
1), is a greenish-yellow gas with a pungent, 
irritating odor. Chlorine, one of the most im- 
portant industrial gases, is easily liquefied 
under pressure. The usual valence of chlo- 
rine is 1, but it can act with a valence of 3, 
4,5, and 7. Chlorine is not combustible in air, 
but reacts chemically with many common 
substances and may cause fire or explosion 
when in contact with them. Chlorine ranks 
twelfth among the elements in order of abun- 
dance. It occurs as chlorides (sea water, salt 
deposits) , in many minerals, and in all plant 
and animal tissues. Chlorine is a secondary 
product in the manufacture of sodium hy- 
droxide by electrolysis of sodium chloride. 


Industrial Uses 


Liquid chlorine is used extensively to dis- 
infect the water and sewage of cities, for re- 
covering tin from scrap plate, for bleaching 
cotton, paper, and flour, and for the manu- 
facture of disinfecting agents, such as chlo- 
ride of lime and other chemicals. Chlorine 
readily enters into addition and substitution 
reactions with many types of organic com- 
pounds. With aromatic hydrocarbons, chlo- 
rine is widely used for the chlorination of 
both side chains and nucleus of the com- 
pound in the presence of the proper catalyst. 
Chlorine is also utilized in petroleum refin- 
ing. It is handled commercially in the form 
of a liquid in steel cylinders or special tank 
cars and is manufactured, transported, and 
consumed in quantities of several thousand 


tons daily. 


Toxicity 


Rodents exposed to chlorine gas show lit- 
tle initial excitement; early signs of irrita- 
tion of eyes and nose and early and increas- 
ing signs of pulmonary edema occur. Except 
for terminal convulsions, there is compara- 
tively little activity. Study of the organs at 
death has revealed edema and hemorrhage 
of the lungs (1). Toxic effects from chlorine 
gas usually result from accidental exposure 
to large volumes of gas in industry rather 
than continued exposure to small quantities. 
Chlorine is readily detected owing to its pe- 
culiar smell and irritating qualities. As a 
result of its strong oxidizing properties, it af- 
fects the mucous membranes, causing eye, 
nasal, and throat irritation, and on inhala- 
tion has a pronounced effect on the lung tis- 
sue. Usually exposure to chlorine gas in 
concentrations of 40 to 60 parts per million 
is followed by pneumonitis and edema of the 
lungs, and in a concentration of 1,000 parts 
per million it is invariably and rapidly fatal. 
Research by the U. 8. Bureau of Mines (2) 
has shown that the least concentration to 
give detectable odor is 3.5 parts per million; 
to cause throat irritation, 15.1 parts per mil- 
lion; and to cause coughing, 30.2 parts per 
million. The maximum concentration allow- 
able for prolonged exposure as given by Hen- 
derson and Haggard is 0.35 to 1.0 parts per 
million; the maximum concentration allow- 
able for short exposure (1% to 1 hour) is 4.0 
parts per million (3). 


Analysis 


Chlorine in small amounts may be deter- 
mined colorimetrically by a number of or- 
ganic reagents including benzidine with 
which it produces a green color, dimethyl- 
p-phenylenediamine hydrochloride (red 
color), resorufin (blue color), o-tolidine 
(yellow color). For the detection and esti- 
mation of chlorine as an aerial contaminant 
in concentrations as low as 0.01 part per mil- 
lion the o-tolidine method is preferable. 
Samples of air of known volume are drawn 
through a bubbler containing o-tolidine rea- 
gent until the depth of color produced is 
equal to that of one of a series of standards 
prepared from potassium dichromate solu- 
tion (4). In determining residual chlorine in 
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water, it is sometimes advantageous to dif- 
ferentiate between free chlorine and chlora- 
mine. A colorimetric method based upon the 
specific reaction between free chlorine and 
methyl orange has recently been proposed 
for this purpose (5). Larger amounts of chlo- 
rine in aqueous solution may be determined 
by adding an excess of potassium iodide and 
titrating the free iodine with standard so- 
dium thiosulfate solution. 
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CHLORINE DIOXIDE 
Characteristics 


Chlorine dioxide, or chlorine peroxide, 
ClOz, is a reddish-yellow gas prepared in- 
dustrially usually by the interaction of chlo- 
rine and sodium chlorite. It has an unpleas- 
ant odor and decomposes in sunlight. Its 
density at 11°C. (air = 1) is 2.4 and its 
boiling point is 9.9° C. per 730 millimeters. 
The liquid substance is red and explosive. It 
melts at —76° C. One liter of water dissolves 
3.01 grams at 25°C. and 34.5 millimeters 
pressure of mercury. The aqueous solution 
undergoes hydrolyisis to chlorous and chloric 
acids, and when warmed decomposes to form 
chlorine, oxygen, and chloric acid. The aque- 
ous solution prepared at lower temperatures, 
2.€., at 4° C. contains about 20 times its vol- 
ume of chlorine dioxide and when cooled 
still further a crystalline hydrate, possibly 
ClO2-8H;0, separates out. 


Uses 


Chlorine dioxide is a substance of increas- 
ing importance in industry. It is used as a 
bleaching agent and in the purification of 
water, particularly with reference to taste 
and odor control. It is used as a bleaching 
agent for flour, beeswax, and fats and oils, 
especially in tallow and fat-rendering plants. 


Toxicity 


Owing to its instability chlorine dioxide 
is a dangerous substance and requires great 
care in handling. It is usually generated on 
the premises as needed. Care must be exer- 
cised to insure the absence of organic matter 
with which both sodium chlorite and chlo- 
rine dioxide react violently. Proper precau- 
tions for safeguarding against fire and ex- 
plosions in the preparation and use of 
chlorine dioxide gas have been recommended 
by the National Board of Fire Underwriters 
(1). In addition to the danger of handling 
this substance because of its instability, 
chlorine dioxide is toxic and is more poison- 
ous than chlorine, according to Petry (2). 
In a case described by this investigator a 
research worker was exposed on several oc- 
casions to an unknown amount of chlorine 
dioxide and suffered acute irritation of the 
respiratory passages which ultimately de- 
veloped into chronic emphysema and bron- 
chitis. In another case of poisoning from this 
gas an ocular muscular paralysis was noted. 
Petry considers that chlorine dioxide may 
have a specific action on the central nervous 
system. 


Analysis 


Since chlorine dioxide is a powerful oxidiz- 
ing substance, the colorimetric determina- 
tion based upon its reaction with o-tolidine 
or with benzidine should be applicable for 
its determination as an atmospheric con- 
taminant. However this method would not 
be specific in the case of chlorine dioxide- 
chlorine mixtures. 
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CHROMIUM 


Characteristics 


Chromium, Cr, atomic weight 52.01, is a 
silver-white, hard, brittle metal with density 
7.1, melting point 1615° C., and boiling point 
2200° C. Chromium is oxidized only to a 
very slight extent by moist air at ordinary 
temperatures. The metal is slowly dissolved 
by mineral acids with the exception of nitric 
acid which induces a state of passivity, par- 
ticularly when concentrated. The commer- 
cially important chromium compounds re- 
late principally to the trivalent and 
hexavalent types of which the latter are, by 
far, the more important. Chromium initially 
appears in commerce in the form of chromite 
ore from which the alloy steels are directly 
prepared without intermediate reduction to 
chromium. Chromite also serves as the start- 
ing point in the preparation of chromates 
and chromium trioxide. 


Industrial Uses 


In 1951, the consumption of chromite in 
the United States amounted to 1,212,480 tons 
(1). Industry recognizes three grades of 
chromite—metallurgical, refractory, and 
chemical. Ferrochrome, the product made 
from metallurgical ore, is used in alloy iron 
and steel where it increases hardenability, 
strength at high temperatures, and resist- 
ance to abrasion, corrosion, and oxidation. 
Chromium is an essential component of 
high-speed steel, many of the engineering 
steels, stainless steels, and a large propor- 
tion of other corrosion-resistant alloys. 
Chrome chemicals are used in the tanning 
of leathers for shoes, plating and anodizing 
of metals, production of catalysts used in 
gasoline and synthetic rubber manufacture, 
in the refractory industry, and in the manu- 
facture of certain pigments. The General 
Electric Company has recently developed a 
chromium carbide with nickel as a binder 
(for use in extra hard cutting tools) which is 
said to contain no tungsten or cobalt (1). 
Air contaminated with chromic acid mist 
from chrome plating vats or with the dust 


from chromates or dichromates is the princi- 
pal type of exposure to chromium in industry 
which is of interest to the industrial 
hygienist. 

Toxicity ° 

The toxic action of chromium is confined 
to the hexavalent compounds of chromium. 
Trivalent salts show none of this toxic effect. 
In the animal experiments of Akatsuka and 
Fairhall, cats which were given as much as 
1,000 milligrams of chromic phosphate or 
chromic carbonate in their food per day or 
caused to inhale up to 200 milligrams of 
chromic carbonate over a period of 17 weeks, 
exhibited no sign of illness, loss of weight, 
or tissue damage (2). The growth of chro- 
mium plating and the increased household 
utilization of stainless steel has posed the 
question of the hygienic significance of chro- 
mium in food and drink. However, the chro- 
mium that is taken up from chrome steels or 
chromium-plated ware by food and water 
enters solution as a chromic salt and not as 
a chromate or a dichromate. The latter re- 
quire powerful oxidizing agents for their 
formation. On the other hand, chromium 
plating exposes the worker to spray or mist 
and has given rise to.much occupational ill 
health (3). Workmen are frequently af- 
flicted with dermatitis (4), with perforation 
of the nasal septum and, where splashings 
of the liquid occur in contact with skin, 
abrasions with chrome ulcers or “chrome 
holes”. A floating baffle of plastic chips has 
been suggested as a means of reducing the 
atmospheric concentration of chromic acid 
mist over chromium-plating tanks (5). 
Chromate dust in industry similarly causes 
injury to workers (6). 

While systemic poisoning from chromates 
is rare, the unpleasant effects of exposure to 
chromic acid mist or to chromate dust where 
environmental control is inadequate (7) are 
likely to lead to a large labor turnover. A 
more recent type of industrial exposure to 
chromic acid mist occurs in anodizing op- 
erations, which is an operation in which a 
coating highly resistant to corrosion is 
formed on aluminum and its alloys through 
the anodic oxidation of the aluminum. 
Chromic acid is used as the solution in which 
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the anodizing operations are carried out and 
may attain a concentration as high as 10 per 
cent. The hydrogen liberated during the 
anodizing operation carries a significant 
amount of chromic acid mist along with it 
(8). Greenburg and his associates (9) have 
indicated a new source of chromate expo- 
sure with reference to spray painting. In a 
survey of 106 painters in a large airplane 
factory in New York State, five cases of 
perforated nasal septum were found which 
were attributed to the large amount of zinc 
chromate pigment present in the paint. Gross 
(10, 11) has reported several caese of lung 
cancer in Germany during the war in plants 
where workers were exposed to zine chro- 
mate dust. Machle and Gregorius (12), after 
analysis of the mortality data of the chro- 
mate-producing industry in’ the United 
States, report a high death rate for cancer of 
the respiratory system among exposed em- 
ployees; 21.8 per cent of all deaths were due 
to cancer of the respiratory system, 16 times 
the expected ratio. Further statistical studies 
in this country by Baetjer (13) and by 
Brinton and his associates (14) have also 
indicated a high cancer rate among chromate 
workers. However, Bidstrup (15), in a sur- 
vey which involved mass radiography and 
clinical study of 724 workmen of the 765 
employed in the chromate industry in Great 
Britain, found only one case of pulmonary 
carcinoma. Irritation due to chromates has 
been reported from contact with diesel loco- 
motive radiator fluid (16). The dermatitis 
of cement workers has recently been traced 
to the small amount of chromium found in 
cement (17, 18, 19). Denton and his associ- 
ates (20) found the water-soluble hexava- 
lent chromium content of the first washing of 
cement to vary from 0.03 to 6.9 micrograms 
per gram of original cement. The exceedingly 
minute amount of chromium, if any, added 
to food prepared in stainless steel (nickel- 
chromium-iron) utensils is without hygienic 
significance (21). 


Analysis 


Traces of chromium may be determined 
by means of diphenylearbazide (2) which is 
an extremely sensitive reagent making it 
possible to detect the presence of 1 part of 


chromium in 20 million parts of the solution 
(22). For the determination of chromic acid 
mist, air samples are drawn through an im- 
pinger apparatus containing normal sodium 
hydroxide and the chromium content meas- 
ured by the addition of potassium iodide, 
acidifying with hydrochloric acid and ti- 
trating with 0.01 normal sodium thiosulfate 


(3). 
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COBALT 
Characteristics 


Cobalt, Co, is a silver-white metal with 
a slate-blue tinge, having an atomic weight 
of 58.94, a density of 8.9227 at 19° C., melt- 
ing point 1490° C., boiling point 2900° C., 
and hardness 5.6 on Moh’s scale. Cobalt 
exists in two allotropic forms, a-cobalt, 
hexagonal, stable below 400° C. and £- 
colbalt, cubic, stable above 400° C. Unlike 
iron, cobalt is not attacked by air and 
water at ordinary temperatures, but it is 
superficially oxidized at a red heat. Cobalt 
is characterized by its black sulfide, which 
is insoluble in acetic and dilute hydro- 
chloric acids, and by the fine blue color 
which its compounds impart to various salts 
on fusion. 


. Industrial Uses 


The total amount of cobalt consumed in 
the United State for all purposes in 1951 
was 9,932,993 pounds. By far the greatest 
amount of cobalt is used in stellite and 
stellite-type alloys and in carbide-type al- 
loys, all of which totaled 49 percent of the 
total amount consumed in 1951. Cobalt is 
used as the bonding material in the manu- 
facture of cemented tungsten carbide and 
this constitutes one of the most important 
uses of the metal at the present time. Ce- 


mented tungsten carbide tool and die fabri- 
cation has become a key industry and is 
rapidly displacing steel cutting tools for 
many purposes in the metal industry be- 
cause of the hardness and wear resistance 
of this material. A large quantity of cobalt 
(1,322,097 pounds in 1944) was used in mag- 
nets of the “Alnico” (aluminum, nickel, and 
cobalt) type. These are far more powerful 
than any type of steel magnet. Smaller 
amounts were used in high-speed steel and 
for certain nonmetallic purposes, such as 
ground-coat frit and pigments. The use of 
cobalt in bright plating is increasing rapidly. 
Cobalt oxide is a very efficient catalyst for 
the oxidation of ammonia, and cobalt-tho- 
rium catalysts are employed in the Fischer- 
Tropsch process for the synthetic production 
of gasolene from coal. A certain amount of 
cobalt is used in soil dressings in areas where 
cobalt deficiency has produced such diseases 
in sheep and cattle as “bush sickness”, “salt 
sickness”, or “enzootic marasmus”. Cobalt 
trifluoride, CoF3, which readily gives up 1 
atom of flourine, and therefore acts as a 
fluorine carrier, is finding extensive use at the 
present time in the fluorination of hydro- 
carbons. 
Toxicity 

The toxic action of cobalt by mouth is low. 
Chittenden and Norris in 1887 observed that 
the poisonous action on rabbits is slow and 
apparent only after the administration of 
relatively large doses. Intravenously, cobalt 
has been observed to cause paralysis of the 
extremities, enteritis, and death. Cobalt 
naturally occurring in foodstuffs is for the 
greater part unabsorbed and is excreted in 
the feces (1), while injected cobalt is ex- 
creted in the urine. Copp and Greenberg 
(2), using radioactive cobalt, found that 
over 60 per cent of the cobalt given by 
stomach tube was recoverable in the feces. 
The latter investigators also found that the 
amounts distributed in the tissues following 
the injection of cobalt are very small, the 
highest concentrations being present in the 
glandular organs, such as the pancreas, liver, 
spleen, and kidney, and in the bones. They 
also found that injected cobalt in animals 
was quickly eliminated—a finding that could 
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not be substantiated by Kent and McCance 
in man. 

Powdered cobalt has been shown to pro- 
duce dermatitis (Schwartz et al., 3). Stewart 
(4) has shown with a patient sensitive to 
cobalt and nickel that hyperemic, edema- 
tous, vesicular lesions produced by cobalt 
were definite but that the sensitivity was 
somewhat less than to nickel. Haxthausen 
(5) has demonstrated experimentally a hy- 
persensitivity of the skin to cobalt, while 
Rabeau and Ukrainczyk (6) have been un- 
able to confirm the reciprocal hypersensi- 


tivity of nickel cases to cobalt and vice. 


versa. 

A well-recognized effect of the administra- 
tion of cobalt salts to animals is that of the 
production of a definite polycythemia and 
most of the investigations relating to the 
physiological activity of cobalt have re- 
volved around this phenomenon. Orten (7) 
concluded that the hematopoietic activity of 
cobalt is the result of an increase in rate of 
formation of hemoglobin and erythrocytes 
rather than a passive accumulation of red 
cells resulting from a diminished rate of cell 
destruction. In histologic studies to evaluate 
the toxicity of cobalt, Hopps and his associ- 
ates (8) found that dosage of rats with co- 
baltous chloride in amounts 10 times the 
human dosage produced no significant de- 
generative changes in parenchymal organs 
as evidence of toxicity. Frequent reference 
has been made to work of Barron and Barron 
(9), who state that small amounts of cobalt 
inhibit the respiration in vitro of various 
tissues, notably reticulocytes and bone mar- 
row. However, the recent experiments of 
Warren and his associates (10) have been 
unable to confirm this finding. Frost and 
his associates (11) found a definite hemato- 
poietic response at a minimum level of 1 
milligram per kilogram of body weight per 
day when cobalt was added to iron and cop- 
per in the diet. Scott and Reilly (12) find 
that cobaltous chloride has no effect on io- 
dine metabolism or thyroid activity. 

It has been stated by Griffith and others 
(13), that cysteine has a detoxifying action 
in cobalt poisoning. Poisoning from cobalt 
according to these investigators may be due 
to fixation and loss of sulfhydryl compounds 


in tissues with resulting interference with the 
oxidative mechanism. More recently Grant 
(14) has found that by supplementing the 
diet of rats with methionine it is possible to 
abolish both weight loss and polycythemia 
induced by cobaltous chloride. Cobalt has 
been shown to produce polycythemia in rats, 
rabbits, ducks, and in dogs. Fredrick and 
Bradley (15) found the LDso dose of cobalt 
metal powder to be 10 to 20 milligrams per 
100 grams of body weight following intra- 
peritoneal injection of white rats. It is of 
interest in this connection that Harding (16) 
found cobalt metal powder to be 500 times 
more soluble in plasma than in saline. No 
threshold limit has been established for co- 
balt. 

In a survey of the cemented tungsten car- 
bide industry, where workers are exposed to 
a certain amount of cobalt metal dust, Fair- 
hall et al. (17, 18) found that the health con- 
dition of the employees as a whole does not 
appear to differ from that in other industries 
investigated by the Public Health Service, 
except in frequency of findings with respect 
to the conjunctivas and upper respiratory 
tract. 


Analysis 


Satisfactory confirmatory tests for the 
identification of cobalt usually require the 
removal of a number of interfering sub- 
stances. a-Nitroso-8-naphthol and certain 
sulfonic acids derived from this substance 
give colors with small amounts of cobalt in 
dilute solution. It is stated that both a- 
nitroso-8-naphthol and #-nitroso-a-naph- 
thol will detect minute amounts of cobalt 
(19), although the latter is somewhat more 
sensitive. Small amounts of cobalt give a red 
color with nitroso-R-salt (1-nitroso-2-hy- 
droxynaphthalene-3 ,6-disulfonate of so- 
dium), which is stable towards hot 30 per 
cent nitric acid that discharges the colors 
produced by other metals. For the determi- 
nation of quantities of cobalt of less than 
0.05 milligram, the nitroso-R-salt method of 
McNaught (20) may be used. The further 
modified method of Young, Pinkney, and 
Dick (21) is applicable for determinations 
ranging from 0.01 to 0.50 milligram of co- 
balt. DeGray and Rittershausen (22) have 
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developed a method which depends upon the 
color produced by the ammoniacal ferricya- 
nide procedure. This method permits deter- 
mination of cobalt with a precision of 0.06 
milligram of cobalt. Very small amounts of 
cobalt in biological materials may be de- 
termined with accuracy by means of o- 
nitrosocresol (1-methyl-3-hydroxy-4-nitro- 
sobenzene) (23). Keenan and Flick (24) 
have developed a method for the determina- 
tion of minute amounts of cobalt in atmos- 
pheric dust samples which is sensitive and 
accurate for air samples containing 0.1 mil- 
ligram of cobalt or more. Saltzman (25), 
using 1-nitroso-2-naphthol for extraction of 
the cobalt, has applied the nitroso-R salt 
method to biological material with good re- 
covery 1n microgram amounts. The sensitive 
spectral are lines for cobalt are 3453.51, 
3405.12, and 2407.26. Keenan and Kopp (26) 
have recently developed a spectrochemical 
method of great accuracy for the determina- 
tion of minute quantities of cobalt in animal 
tissues. 
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COLUMBIUM 
Characteristics 


Columbium, Cb (formerly referred to as 
niobium, Nb), is a steel-gray metal with 
bright metallic luster, having a density of 
8.4 and melting point of 1950° C. It forms 
two series of compounds of valence 3 and 
valence 5. The similarity of chemical behav- 
ior of columbium and tantalum makes the 
quantitative separation of the two somewhat 
difficult. The metallic columbium may be 
prepared by reduction of the oxide with 
metallic calcium or aluminum and at the 
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temperature of the electric furnace the oxide 
may be decomposed to the metal by heating 
in a vacuum. The metal does not tarnish 
readily and although it is very hard, it may 
be rolled or hammered or drawn into wire 
(1, 2, 3). 


Industrial Uses 


Until very recently, columbium had no 
significant technical application. However, 
it has become important in certain alloy 
steels and because of the great corrosion re- 
sistance and high melting point, it is used 
in gas turbines, turbosuperchargers, and in 
jet-propelled airplanes where materials are 
subjected to terrific pressure and heat. An 
important use of columbium is to inhibit in- 
tergranular corrosion in chrome-nickel steel 
by preventing formation of chromium car- 
bide. It is also used in rods of welding stain- 
less steels. The consumption of columbium 
ore in the United States in 1945 was 
4,278,301 pounds of which only 1,149 pounds 
was produced in the United States. Colum- 
bium sheet metal was priced at 500 dollars 
a kilogram in 1945. Columbium forms a car- 
bide which is extremely hard and which im- 
parts such unique properties to cemented 
tungsten carbide cutting tools that, in spite 
of the expense of columbium, it has attained 
commercial importance in this field. Owing 
to the defense situation recent specific data 
regarding the production and consumption 
of columbium are not available. In 1951 
columbium was placed under defense alloca- 
tion by the National Production Authority 
and columbium-bearing steels have been re- 
served for defense needs. 

Toxicity 

Because of its increasing industrial im- 
portance, frequent inquiry has arisen with 
reference to the possible toxicity of colum- 
bium. Since columbium occurs and is im- 
mediately adjacent to vanadium in Group 
V and because of the toxicity of vanadium, 
it might be aticipated that columbium would 
also possess toxic properties. Recent experi- 
mental studies with columbium and other 
rare earth metals by Cochran and his asso- 
ciates (4) have shown that both potassium 
columbate and columbium chloride are quite 


toxic to rats when administered intraperi- 
toneally. Columbium also showed a pro- 
nounced inhibitory effect towards adenosine 
triphosphate. 


Analysis 

Neither the separation nor the identifica- 
tion of columbium is simple. Columbium has 
such similar properties to those of tantalum 
that most processes of separation are more 
or less methods of approximation. One of the 
most useful methods of separation depends 
upon the solubilities of the double fluorides 
of columbium and tantalum, K,CbF, and 
KeTaF;. Partial separation of columbium 
from tantalum can be effected by treating 
the freshly precipitated hydrated oxides 
with a mixture of hydrogen peroxide and hy- 
drochloric acid, in which the columbium dis- 


solves readily, while the tantalum dissolves 


only sparingly. Gravimetric estimations of 
columbium may be made by utilizing the re- 
agent 8-hydroxyquinoline (5). Pyrogallol 
and resorcinol have also been proposed as 
reagents for the determination of colum- 
bium. Sodium hypophosphite forms insolu- 
ble complex compounds with tantalum and 
columbium in the presence of tartaric or 
citric acid. The precipitate with tantalum 
occurs only in the presence of ammonium 
oxalate. The reaction is specific and applic- 
able to concentrations of 1:1,000,000 (6). 
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COPPER 
Characteristics 
Copper, Cu, atomic weight 63.57, density 


8.92, melting point 1083° C., boiling point 
about 2310° C., is a reddish colored ductile 
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metal. Its tenacity is next to iron, although 
& copper wire will support only half of the 
weight borne by an iron wire of the same 
size. As a conductor of heat it is surpassed 
by gold and silver, and it is next to silver as 
a conductor of electricity. The presence of a 
few tenths per cent of certain impurities, 
however, especially arsenic, greatly in- 
creases the electrical resistance. Copper 
forms two series of compounds, cuprous and 
cupric, of which the latter are more stable. 
Both cupric and cuprous ions form complex 
ions, many of which are stable. The alloys 
of copper are manifold and have a great va- 
riety of applications. Of these, the brasses 
and bronzes are especially important. 


Industrial Uses 


Metallic copper is one of the most impor- 
tant of all metals. For a great variety of 
technical and domestic purposes, copper is 
especially valuable for its toughness. Pure 
copper is of the greatest importance in the 
electrical industry, since it is an excellent 
conductor of electrical energy. During 1951, 
1,303,000 short tons of new refined copper 
were consumed in the United States. While 
small quantities of impurities lower the con- 
ductivity to a very great extent, certain al- 
loys, such as beryllium-copper, retain a 
large proportion of the conductivity of cop- 
per itself. Copper is used in insecticides and 
fungicides, in anti-fouling paints, and in 
copper naphthenate as a rot-proofing agent 
for fabrics. A recent method for the rot- 
proofing of fabrics consists of the fixation 
of the copper compound of dimethyl-gly- 
oxime within the fabric. As determined by 
soil burial tests this treatment proved more 
effective than copper naphthenate for rot- 
proofing purposes. 


Toxicity 

Attempts to induce chronic copper poi- 
soning in rabbits by feeding have been un- 
successful, although there is evidence of a 
considerable amount of copper storage in the 
liver (1). Chronic intoxication is induced in 
sheep by daily quantities of 1.5 grams cop- 
per sulfate according to these investigators, 
the condition developing in periods of from 
30 to 80 days. Clinical symptoms include 


dullness, depression, and anorexia; post- 
mortem examination showed icterus, cir- 
rhotic liver, and swollen and congested kid- 
neys. The copper content of the liver and, 
to a lesser extent, the kidneys, is consider- 
ably increased but relatively little change 
occurs in that of the remaining soft tissues 
examined. 

Copper seldom gives rise to poisoning, al- 
though its salts are somewhat irritant and 
corrosive. The salts have a harsh, metallic, 
astringent taste. In large amounts they give 
rise to violent vomiting and purging with in- 
tense pain in the abdomen and the usual 
symptoms of acute corrosive poisoning with 
collapse, weak pulse and respiration, delir- 
ium, coma, convulsions, and paralysis. The 
occurrence of chronic copper poisoning in 
man has not been established. The relation 
of copper to hemochromatosis was investi- 
gated by Mallory (2) and was considered to 
be due to long-continued ingestion of copper 
salts, but this has not been confirmed. How- 
ever, it is thought by some that gastrointes- 
tinal catarrh or colic and diarrhea, which 
occasionally occurs in copper and __ brass 
workers, is due to copper swallowed or in- 
haled. Copper salts are relegated to a low 
position as a major poison, but minor dis- 
turbances, such as vomiting, are usually 
noted following ingestion. Exposure to cop- 
per dust, copper carbonate dust, or flaked 
copper has been known to give rise to in- 
tense sneezing, nausea, and weakness. 
Schidtz (3) describes seven cases of copper 
fever from a paint factory where red oxide 
of copper was being pulverized. Wallgren 
and Gorbatow (4) found serum copper in 
cases of metal fume fever in the copper in- 
dustry to exceed 160 micrograms per 100 
cubic centimeters of serum, which is defi- 
nitely pathological. Copper has also been 
found in the urine in cases of exposure to 
finely divided copper or copper salts, sug- 
gesting that copper is a local irritant and 
excreted by the kidneys. 


Analysis 

Methods applicable to the analytical de- 
termination of copper, which are chiefly of 
interest to the industrial hygienist, relate to 
the determination of copper as an aerial con- 
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taminant, such as airborne copper dust or 
the mist or spray from solutions of copper 
compounds. These amounts of copper are 
necessarily small and may be determined 
most conveniently by colorimetric proce- 
dures. In general, minute amounts of cop- 
per may be separated quantitatively by a 
sulfide procedure from a number of inter- 
fering substances. Diphenylthiocarbazone 
reagent is also useful in this type of separa- 
tion. A large number of organic compounds 
give sensitive color reactions with copper, 
of which diphenylthiocarbazone (5) and 
sodium diethyldithiocarbamate may be par- 
ticularly mentioned. Perhaps the most satis- 
factory reagent is sodium diethyldithiocar- 
bamate (6). A slightly acid or ammoniacal 
cupric salt solution produces a brownish pre- 
cipitate of the copper diethyldithiocarba- 
mate which in very dilute solution is suitable 
for colorimetric comparison, especially in 
solutions stabilized with a protective colloid. 
The copper diethyldithiocarbamate may be 
extracted with carbon tetrachloride or zso- 
amylacetate, in both of which the copper salt 
is rather stable. Comparison may be made 
with known quantities of copper for refer- 
ence. Tetraethylenepentamine has recently 
been recommended as a colorimetric reagent 
for copper in the determination of larger 
quantities ranging up to 200 parts per mil- 
lion (7). The spectrographic identification 
of copper is especially convenient. The most 
intense and sensitive arc lines for this ele- 
ment are 3273.96 and 3247.55. 
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DECABORANE 
Characteristics 


Decaborane, decarboron  tetradecahy- 
dride, BioHi4, is the only solid volatile hy- 
dride of boron. It melts at 99.7° C., boils at 
213° C., and has a density of p 99/4 0.92. 
At room temperature the density is 0.94. Its 
vapor pressure at 55° C. is 0.3 millimeter 
(approximately), rising to 19.0 millimeters 
at 100° C. Decaborane is insoluble in water, 
but dissolves in alcohol, ether, benzene, and 
particularly in carbon disulfide, from which 
it crystallizes in long, feathery needles when 
enough of the solvent has been evaporated. 
Decaborane is best prepared, according to 
Stock (1) by heating diborane, BoHg, to 115 
to 120° C. for 48 hours. Decaborane is easily 
identified and isolated from the other boron 
hydrides because its volatility is so low that 
there is no difficulty in removing the lower 
boiling hydrides, yet it is sufficiently high 
that it can be sublimed free from impurities. 
It has a characteristic, somewhat pungent, 
odor and slowly vaporizes at room tempera- 
ture. When condensed it crystallizes in com- 
pact aggregates, but when slowly sublimed 
im vacuo it forms clear, transparent long 
needle-like crystals. It is quite stable, even 
on warming, but explodes when heated in 
oxygen. It hydrolyzes in water, slowly at 
room temperature but rapidly when heated. 
Decaborane reacts slowly with the halogens, 
dissolves readily in liquid ammonia and 
shows hardly any reaction with concentrated 
nitric acid. It dissolves in a solution of so- 
dium hydroxide, forming a colorless solution 
that evolves hydrogen continuously. 


Toxicity 


Svirbely (2) has investigated the acute 
toxicity of decaborane with rats, mice, dogs, 
and rabbits by various modes of administra- 
tion. Listlessness, incoordination, - tremors, 
convulsions, a comatose state and death 
were noted at the lower dosage levels, while 
convulsions were absent at higher concen- 
trations. There was evidence of liver and 
kidney damage. With repeated small doses 
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Svirbely (3) found a cumulative toxic ef- 
fect. Possible liver and kidney damage was 
indicated following oral administration and 
percutaneous application. Walton and his 
associates (4) noted a progressive decrease 
in heart force following the administration 
of decaborane to dogs. Complete protection 
against decaborane vapor may be obtained 
for many hours by the use of a conventional 
chemical cartridge respirator filled with sil- 
ica gel (Hill and Svirbely, 5). Activated car- 
bon is about half as effective. 


Analysis 


According to Stock (6) the odor and green 
coloration they impart to a flame are sensi- 
tive qualitative tests for the hydrides of 
boron. The hydrides are dissociated into 
their elements practically quantitatively at 
500° C. The precise direct quantitative anal- 
ysis of decaborane, as described by Stock 
(7) is somewhat difficult. However decom- 
position to boric acid and titration with bar- 
ium hydroxide solution in the presence of 
mannite (7) is stated to be reliable even for 
very small amounts of boron. 
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FLUORINE 


Characteristics 


Fluorine is the most reactive chemical ele- 
ment and this reactivity is shown by the 
fact that it combines with virtually every 
material (except the inert gases) under suit- 
able conditions and with most materials 
spontaneously at room temperature. Fluo- 


rine, F, the first member of the halogen 
family of elements, is a colorless gas in dilute 
concentrations, but has a definite greenish 
cast in more concentrated quantities, It has 
a melting point of —223° C., a boiling point 
of —188.3° C., a density of 1.31 in gaseous 
form (air = 1) witha density of 1.14 for 
liquid fluorine. It has a pronounced odor 
which can be detected in concentrations of 
only a few parts per million. It can be com- 
pared to.a relatively strong ozone odor, with 
some evidence of a chlorine-like smell. Fluo- 
rine is not a scarce element on the earth’s 
surface and is found as fluorite (CaFs), 
cryolite (NasAIF.), and in silicates, such as 
tourmaline, topaz, and apatite. The scientific 
and technological advancement in the gener- 
ation and handling of fluorine has been 
spectacular. Fluorine is now produced by 
electrolysis of a fused salt bath, such as po- 
tassium fluoride and hydrogen fluoride, at 
100° C. with carbon anodes. It is difficult 
to transport because of its low critical tem- 
perature and because of its corrosive prop- 
erties. It is, however, compressed into nickel 
and steel cylinders at 400 pounds per square 
inch by the liquefaction-pressure distilla- 
tion method. Nickel and Monel metal have 
excellent corrosion resistance to fluorine; 
aluminum and magnesium are also good, 
while iron and steel have less corrosion resis- 
tance, particularly at high temperatures— 
at 480° C. and above (1). 


Industrial Uses 


The domestic consumption of fluorspar 
was 497,012 tons in 1951 compared with 
426,121 tons in 1950. The predominant pur- 
chaser (57 per cent in 1951) is the steel in- 
dustry, which also consumes substantial 
quantities of hydrofluoric acid and sodium 
fluoride in which fluorspar is the basic mate- 
rial. Large amounts of sodium fluoride are 
used in the manufacture of rim steel. The 
second largest use (29 per cent in 1951) is 
in the manufacture of hydrofluoric acid, 
while the glass industry, which employs flu- 
orspar as an opacifier and as a flux, uses 9 
per cent of the fluorspar and ranks third in 
importance. Two outstanding wartime de- 
velopments in the use of fluorine compounds, 
which have important peacetime possibili- 
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ties, are the aerosol insecticide bomb with 
dichlorodifluoromethane as a propellant, 
and the utilization of the anhydrous hydro- 
fluoric acid alkalization process in aviation- 
gasolene manufacture. In the presence of hy- 
drofluoric acid and certain other agents, 
paraffins will add to olefins, bringing about 
certain molecular rearrangements and yield- 
ing highly branched products which have 
good anti-knock value. Other wartime de- 
velopments of note are its utilization in the 
preparation of uranium hexafluoride, which 
in gaseous form has made possible the sepa- 
ration of uranium isotopes, and its use as 
sulfur hexafluoride, which has proved to be 
an excellent insulator for high voltages. 
Boron fluoride etherate, (C2H;) 2OBF3, used 
principally as a catalyst for the polymeri- 
zation of vinyl ethers of olefins and other 
organic substances, is an important new sub- 
stance and is now commercially available in 
quantity. Polytetrafluoroethylene is the first 
of the polymeric fluorine carbon derivatives 
to reach development in the plastics indus- 
try. The polymer, which appears under the 
trade name of Teflon, is characterized by 
its chemical inertness, resistance to change 
at high temperatures, and its extremely low 
dielectric loss factor. Popular interest has 
centered in the fluoride content of drinking 
water because of its role in causing mottled 
teeth, and also because of its apparent pre- 
vention of dental caries (2). 


Toxicity 


Injury due to fluorides has largely resulted 
from exposure to fluoride dust or fume, burns 
from hydrofluoric acid, or to the ingestion 
of soluble fluorides. Most of the cases of 
acute intoxication, which have often termi- 
nated fatally, have resulted from the latter, 
where such substances as sodium fluoride 
were ingested by mistake or with suicidal 
intent. Recent technological advances have 
permitted the commercial utilization of ele- 
mental fluorine, and the hygienic signifi- 
cance of this substance is therefore of present 
interest. While the physiological properties 
of elemental fluorine have not been very 
extensively investigated, exposure to signifi- 
cant amounts of fluorine is said to be ac- 
companied by gastrointestinal symptoms 


and irritation of mucous membranes, par- 
ticularly of the eyes and throat, as well as 
by skin damage. These symptoms are sec- 
ondary in importance to the lung damage, 
and survival of the patient would depend on 
adequate oxygenation of the blood. 

Burns from fluorine may be chemical or 
thermal, that is, caused by the heat of re- 
action of fluorine with the skin. The chemi- 
cal burns resemble those due to hydrofluoric 
acid. After several hours, if the exposure is 
small, the lesion becomes reddened, then 
swollen and pale, with a macerated appear- 
ance, and is accompanied by severe throb- 
bing pain. Necrosis and ulceration will 
follow if treatment is not instituted imme- 
diately after exposure. According to the 
treatment recommended by Landau and 
Rosen (3), washing should be continued for 
at least 15 minutes following contact, and 
the tissue beneath and around the affected 
area should be infiltrated with 10 per cent 
calcium gluconate, which precipitates the 
fluorine as inert calcium fluoride. 

The soluble fluorides act as protoplasmic 
poisons (4). The soluble neutral salts de- 
stroy the cells of mucous membranes, while 
the acid causes deep tissue destruction and 
slow healing burns, which probably result 
from its specific toxic action. Exposure by 
inhalation to concentrations of hydrogen 
fluoride above 1.5 milligrams per liter for 
any period of time is dangerous for rabbits 
and guinea pigs, while concentrations below 
0.1 milligram per liter have been tolerated 
for 5 hours without injury sufficiently severe 
to cause death (5). According to Greenwood 
(4), pathological changes which have been 
reported in organs and tissues as charac- 
teristic of fluoride intoxication should be 
accepted cautiously. In general, there ap- 
pears to be some variation in the toxicity of 
different fluorine compounds and in the sen- 
sitivity of various species to the same fluo- 
rine compound. Extensive studies of the in- 
jurious effects of ingested fluorides have 
been made by McClure (6), while the effects 
of industrial exposure to fluorine have been 
reported by Roholm (7), by Machle (8), 
and by Truhaut (9). 

Exposure to fluoride fumes in toxic con- 
centrations usually manifests itself by a 
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sudden onset of chills, followed by a symp- 
tomatic period lasting one to two days or 
longer. A second phase follows, character- 
ized by shortness of breath, a cough with 
scanty secretion, dyspnea, and elevated tem- 
perature. Cyanosis becomes apparent. The 
blood shows a leukocytosis and the sedimen- 
tation rate is increased. All these symptoms 
subside gradually. The duration of the proc- 
ess varies from 10 days to 2 months. Clini- 
cally, the pulmonary process is similar to 
bronchiolitis. While the comprehensive re- 
port of Roholm on the effects of exposure of 
workers to cryolite dust has pointed out the 
severe bone changes resulting from this ex- 
posure, no similar study has been reported 
involving osteosclerosis resulting from ex- 
posure to hydrofluoric acid. Lyth (10) re- 
ports a high incidence of dental mottling 
and spondylitis in two villages in China 
where the spring water contained from 2.4 
to 13.1 parts per million of fluoride. Kilborn 
et al. (11) also discovered an endemic center 
of fluoride poisoning in Southwestern China 
in which case the toxicity of the drinking 
water produced a disabling arthritis and 
spondylitis. However Miller (12) states that 
the ingestion of 10 milligrams of nonacid 
fluorides per day is harmless to man, and 
Black and his associates (13) administered 
as much as 320 milligrams of sodium fluoride 
per day to human subjects for 5 or 6 months 
without evidence of acute or chronic toxicity. 
According to Hodges and his associates (14) 
the use of drinking water containing up to 
3 parts per million of sodium fluoride appar- 
ently does not cause radiologically demon- 
strable sclerosis of the skeleton, even though 
the water is taken for a long period of time. 
Truhaut (15) has pointed out the difference 
between industrial and spontaneous fluoro- 
sis. The latter occurs where the soil or the 
drinking water is rich in fluorine. For in- 
stance a peculiar disease of domestic animals 
and man called “darmous” has been ob- 
served in French Morocco as well as in other 
parts of North Africa and is characterized 
by a complex dystrophy of the secondary 
dentition. This has been attributed to the 
use of water rich in calcium fluoride. Mc- 
Clure’s recent experiments (16) indicate that 


sodium fluorosilicate has apparently the 
same effects on teeth as sodium fluoride. 
The popular interest in fluoride therapy 
in the prevention of tooth decay is increas- 
ing and many localities have requested the 
fluoridization of the drinking water supply. 
Badger (17) states that the level of fluoride 
should be maintained at no more than 0.7 
parts per million in the drinking water to 
prevent defects in the permanent teeth of 
children. No experimental work has been 
reported at these low concentrations regard- 
ing the well-known powerful inhibitory ef- 
fects of fluorides on enzyme reaction, spe- 
cifically glycolysis, and the possible effects 
of this inhibition on human metabolism. 
Truhaut (15) has stated that the margin be- 
tween beneficent effect and the toxic action 
of fluorides is extremely slight. 


Analysis 


The microdetermination of fluorine pre- 
sents certain difficulties which have made 
the method of estimation somewhat coimpli- 
cated. In order to isolate the fluorine prior 
to its determination, Willard and Winter 
(18) devised a method of distillation by 
means of sulfuric or perchloric acid. The 
distillate containing hydrofluoric acid is ti- 
trated with thorium nitrate, using sodium 
alizarin sulfonate lake as an indicator. Arm- 
strong (19) improved this method by using 
alizarin sulfonate only as the indicator. 
Phosphates were found to interfere in the 
distillation by Churchill and his associates 
(20) , necessitating a double distillation pro- 
cedure. Talvitie (21) has adapted the tho- 
rium-alizarin lake method to the determina- 
tion of fluorides in water low in interfering 
ions without prior distillation. Results may 
be obtained to 0.1 part per million of fluoride 
with 100-milliliter samples. When phos- 
phates or aluminum are present, a prelimi- 
nary distillation is required. The determi- 
nation of fluoride in urine may be carried 
out by the distillation procedure indicated 
above (20). 
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GALLIUM 
Characteristics 


Gallium, Ga, a member of the third group 
in the periodic table, is a hard, brittle, gray 
metal with a greenish-blue tinge. It has the 
remarkable property of melting at a point 
slightly above room temperature (29.75° 
C.). The molten metal is silver white in 
color. Gallium has an atomic weight of 69.72 
and a density of 5.91. It boils at 1700° C. 
The liquid metal supercools readily and may 
be kept in the liquid state even at 0° C. Gal- 
lium like water expands on freezing. The 
vapor pressure of gallium even at high tem- 
perature is relatively low, thus even at 1031° 
C., the vapor pressure of gallium is only 
0.004 millimeters of mercury and at 1116° 
C., the vapor pressure is but 0.023 (1). The 
gallic ion is colorless and its salts with color- 
less negative ions are white. The sulfates, ni- 
trates, and halides are soluble but the solu- 
tions are highly hydrolyzed, especially with 
the latter group and precipitate basic salts 
on dilution or on boiling. Gallium forms a 
series of borohydrides, typified by dimethyl 
gallium borohydride, which have interesting 
physical properties (2). 


Industrial Uses 


Gallium is used in high temperature meas- 
urement, for unlike mercury, gallium is non- 
volatile and resists oxidation at high tem- 
peratures (3). The gallium thermometer 
consists of a quartz capillary inside a quartz 
envelope. The capillary contains pure gal- 
lium with a slight trace of iron. Direct tem- 
perature readings up to 1200° C. may be 
made with this instrument. Gallium is used 
to some extent as a constituent of alloys in 
dental fillings. 
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Toxicity 


Gallium as the oxide, tartrate, benzoate, 
or anthranilate was used by Levaditi and 
his associates in the treatment of experi- 
mental syphilis and trypanosomiasis. Up to 
15 milligrams per kilogram injected intra- 
venously were tolerated without harm to 
laboratory animals (4). Meek, Harrold, and 
McCord (5) found that metallic gallium 
and gallium nitrate produced no skin injury 
and that intravenous and subcutaneous in- 
jection of relatively large amounts could be 
tolerated both by rabbits and rats without 
evidence of injury. Schwartz and Sieke (6) 
investigated the effect of gallium ammonium 
sulfate on animals and found a marked in- 
crease in polychromatic erythrocytes but no 
other changes after repeated subcutaneous 
injection of this salt in rabbits. Levaditi and 
his associates (7) demonstrated the fact that 
gallium remains in the tissues for long pe- 
riods of time following intramuscular injec- 
tion of soluble gallium salts. Tissue distri- 
bution experiments indicated that gallium 
behaves like bismuth, tellurium, and mer- 
cury with reference to its distribution in the 
tissues following injection. Dudley and his 
associates (8 to 12) have investigated the 
toxicology of gallium in connection with a 
study of the therapeutic application of radio- 
gallium. Gallium lactate, which has an LDs5o 
value of 46 milligrams of gallium per kilo- 
gram for rats and 43 milligrams of gallium 
per kilogram for rabbits when injected intra- 
peritoneally, apparently acts as a neuromus- 
cular poison. It was found that gallium is de- 
posited in the bones and that the gallium 
deposited in bone tissue is slowly released 
over a period of months. Further studies were 
made in regard to the possible therapeutic 
use of radiogallium Ga” in the treatment of 
osteogenic neoplasms. 


Analysis 

The gallic ion resembles aluminum in 
many respects and, like aluminum, is com- 
pletely hydrolyzed in the presence of the 
carbonate ion leading to the precipitation of 
the hydroxide. Gallium hydroxide, however, 
is appreciably soluble in ammonium hydrox- 
ide and an excess of this reagent must be 


avoided. Quinalizarin forms a reddish lake 
with gallium hydroxide and this reagent is 
used for the colorimetric determination of 
gallium (13, 14). Sandell (15) has recently 
proposed a fluorescence method in which 
8-hydroxyquinoline is used as reagent for 
the determination of gallium. As little as 0.1 
microgram of gallium may be detected by 
this means. Dudley’s recent photofluoromet- 
ric method for gallium permits the determi- 
nation of from 2 to 100 micrograms of 
gallium in biological materials (16). The 
sensitive arc lines for the spectrographic 
identification of gallium are 4172.05, 
4033.01, 2943.64, and 2874.24. 
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GERMANIUM 
Characteristics 


Germanium, Ge, atomic weight 72.60, is 
a grayish-white, brittle, lustrous metal with 
a density of 5.36, a melting point of 958° C., 
and a boiling point of 2700° C. Germanium 
dissolves in aqua regia but not in hydrochlo- 
ric acid. Nitric acid oxidizes the element to 
white germanic oxide (GeOz2). It is oxidized 
at high temperature and combines directly 
with the halogens. Germanium is found in 
several sulfide ores, especially those of silver, 
lead, tin, antimony, and zinc. Among the 
many rare elements found in coal ash, ger- 
manium and gallium appear to be the only 
ones that it may be feasible to recover com- 
mercially. The two oxides of germanium, 
GeO and GeOzg, are slightly soluble in water, 
forming faintly acid solutions; they also 
dissolve in acids but form no oxy-salts (1). 
Germanium forms a hydride having the 
formula GeH,, which is a gas liquefying 
only at low temperatures and which is mod- 
erately stable at room temperature. 


Industrial Uses 


Recent interest in germanium has encour- 
aged commercial production of the pure 
metal and its oxide as by-products in the 
recovery of cadmium from zinc sintering- 
plant dust. Although similar to silicon in 
many properties, there are sufficient differ- 
ences to encourage the use of the much more 
costly germanium in some electrical, metal- 
lurgical, and ceramic applications (2). The 
property of slight expansion on solidification 
aids in making castings of good dimensional 
tolerance. Germanium possesses the prop- 
erty of semi-unidirectional transmission of 
electricity and is finding use as a rectifier 
for ultra-high frequencies (3) and in making 
high-resistance resistors, The development 
and improvement of germanium diodes and 
transistors has been revolutionary in the 
field of electronics and this probably con- 
stitutes the most important use for germa- 
nium at the present time. It is used as an 


alloying agent with aluminum, magnesium, 
gold, and platinum; as a substitute for sili- 
con in various alloys; and in optical glass 
to give higher refractive power. Relatively 
large quantities of gallium, germanium, and 
indium could be saved as by-products of the 
zinc industry. Studies of ashes and gas works 
dust from British coal show that significant 
amounts are being dissipated in the atmos- 
phere or discarded as useless dust annually 
from this source (4). 


Toxicity 

Because of its close chemical relationship 
to arsenic, germanium has been investigated 
with reference to experimental and human 
anemias. Hammett and associates (5) found 
that germanium dioxide stimulated the gen- 
eration of red blood cells and showed no 
significant toxic properties. Muller (6) 
tested the toxicity of two allotropic forms 
of the oxide. The minimum lethal dose as 
determined by intraperitoneal injection for 
the ordinary crystalline oxide is about 300 
milligrams per kilogram body weight in 
guinea pigs and that for vitreous colloidal 
germanic oxide is 400 milligrams. The quan- 
tities administered indicate that both forms 
are relatively nontoxic and that germanic 
oxide is 22 times less toxic than arsenic tri- 
oxide. Either form given in sublethal 
amounts brings about a pronounced toler- 
ance. Observations on the excretory rate of 
germanic oxide were made by Muller in man 
after the oral introduction of 356 milligrams 
of germanic oxide. A total of 276.4 milli- 
grams was demonstrated within 7 days in 
the feces (60.60 milligrams) and urine (215.8 
milligrams), showing that the kidney is the 
main excretory organ for this compound. 
Hueper (7) considered the fluctuations in the 
number of erythrocytes to be evidence of 
changes in water content of the blood and 
not due to a stimulative effect of germanium 
on the bone marrow. He believed that the 
loss of weight in rabbits treated with toxic 
doses of germanium dioxide was due to de- 
hydration and was caused only to a lesser 
extent by an increase in oxidative processes 
of the organism. Toxic doses caused a 
marked drop in blood pressure and in the 
production of massive brown precipitations 
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in various organs. Hueper reviewed the 
physiologic and pharmacologic effects, as 
well as the toxic action of germanium and 
its compounds. He concluded that germa- 
nium compounds exhibit a much lower toxic- 
ity than the corresponding lead and tin com- 
pounds. Harrold and associates (8) found 
that germanium dioxide unlike silicon di- 
oxide does not produce proliferative re- 
sponses upon intraperitoneal injection into 
guinea pigs, that buffered germanium di- 
oxide solution is not a primary skin irritant, 
and that blood counts taken on rats and 
guinea pigs after the injection of germanium 
dioxide showed no significant changes. Ger- 
manium hydride, GeHg, is an hemolytic gas 
which has been shown to cause toxic mani- 
festations in concentrations of 100 parts per 
million and death in concentrations of 150 
parts per million (9). 

Recent investigations at the U. S. Naval 
Medical Research Institute have added 
much to our knowledge of the physiological 
importance of germanium (10, 11, 12). Dud- 
ley (13) has shown that neither parenteral 
injection of suspensions of germanium or 
germanium oxide nor inhalation of the dust 
of these substances constitutes a serious 
health hazard. The rate of clearance of ger- 
manium and germanium oxide dusts from 
the lungs of rats indicates that these mate- 
rials are rapidly eliminated through oxida- 
tion or simple solution. No deaths occurred 
during the exposure period and no irrita- 
tion nor gross pathological changes were ob- 
servable in the animals at autopsy. It would 
therefore appear that germanium does not 
constitute an acute industrial hazard. 


Analysis 


There are no specific color tests for the 
detection and determination of germanium, 
although in common with a number of other 
substances, germanium salts react with such 
substances as quinalizarin (14) and p-nitro- 
benzene-azo-chromotropic acid, the former 
being the more sensitive. White germanic 
sulfide, GeSe, is precipitated by hydrogen 
sulfide from strongly acid solutions of ger- 
manium salts. The precipitate is soluble in 
ammonium sulfide. The reactions for ger- 
manium compounds resemble somewhat 


those of tin and silicon. Hueper (7) gives in 
detail the method developed by Buchanan 
and used by Muller for the determination of 
germanium in urine, feces, and tissues. The 
method depends on the volatility of germa- 
nium tetrachloride from an aqueous hydro- 
chloric acid solution in a current of chlorine. 
By this method germanic oxide can be de- 
tected in as small a quantity as 0.0002 gram. 
According to Alimarin and Ivanov-Emin 
(15), polarography permits germanium de- 
terminations in acid solution in dilutions as 
great as 1 part per million. However, arsenic, 
lead, and tin interfere with this determina- 
tion. Sensitive spectral lines for the detection 
of germanium are 4685.84, 3039.08, and 
2651.61. 
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GLASS FIBER AND MINERAL WOOL 


Under the general heading of glass wool 
there are various trade products, of which 
Fiberglas and rock wool or mineral wool are 
outstanding. Rock or mineral wool is a sub- 
stance composed of very fine interlaced 
mineral fibers, having the appearance of 
loose wool or cotton, and made by directing 
jets of steam into a stream of molten slag, 
which is shredded into wool. Rock and slag 
wools differ widely in composition, but a 
typical wool is composed of about 42 per 
cent SiOz, 12 per cent AlsO3, 34 per cent CaO, 
10 per cent MgO, and 1 per cent Fe.O3. With 
too great a calcium content the wool tends to 
disintegrate, and sufides also cause deterior- 
ation. The raw materials may differ greatly 
in character and may consist of argillaceous 
limestone, shales or lead, iron or copper 
slags. Various substances, such as limestone, 
dolomite, or quartz, are added in order to 
make a more easily melted and fluid mix. 

Fibrous glass is a glass product made by a 
mechanical process which results in a flexible 
fiber form. Various processes have been 
evolved to accomplish this—such as by di- 
recting a stream of fluid glass upon a rapidly 
revolving refractory dise or by causing the 
stream of glass to flow vertically through 
fine platinum nozzles and to feed in com- 
pressed air concentrically around this 
stream. The tensile strength of glass fibers 
increases rapidly as the diameter decreases, 
especially below two thousandths of an inch. 
With fibers two ten-thousandths of an inch 
in diameter, the length has been calculated 
as 4,356 miles per pound. Glasses have been 
developed which are resistant even under ex- 
treme conditions. These glasses are usually 
low in alkali. In the manufacture of staple 
fibers, molten glass falling from a multitude 
of fine holes is met by jets of high pressure 
steam which yields a large number of fibers, 
which are so small as to be nearly invisible 
and which are essentially endless. From 
this, yarn is made, which is used much the 
Same as any other textile material. Such 


fibers are woven into textiles, such as cur- 
tains and hangings, separators in storage 
batteries, and filter media in filter presses, 
and are also used as a reinforcement for 
plastics and as a filling for nonallergenic 
pillows and mattresses. For medical pur- 
poses it is used as a blood plasma filter, sur- 
gical suture material, a tracer thread which 
is opaque to X-rays in surgical sponges, and 
for light-weight artificial limbs. Rock or 
mineral wool is largely used as insulating 
matérial in houses. 


Hygienic Significance 

There are two aspects of the question of 
possible health hazard associated with min- 
eral wools or fibers. The first is related to 
possible pulmonary injury due to inhalation 
of very fine fragments, and the second to 
skin irritation. Fairhall and his associates 
(1) investigated the effect of this material on 
animal life. In this study, cats were exposed 
to oil-extracted and finely ground rock wool 
dust, as well as to hot and cold air blown 
through commercial rock wool. The average 
particle size of the floating dust was 2.2 mi- 
crons. No significant pathological changes 
were found in the tissues of any of the ani- 
mals so exposed. The lungs of the cats 
heavily dusted with ground mineral wool 
contained large numbers of refractile silicate 
particles. Apart from the presence of silicate 
particles, however, no abnormalities were 
noted. The absence of wide-spread inflam- 
matory changes in the lungs, where silicate 
particles were in intimate contact with the 
tissues, indicated the absence of irritation 
and the accompanying changes in the lungs 
were those which one might expect any inert 
foreign matter to produce. The essentially 
negative chest findings among workers re- 
ported by Carpenter and Spolyar (2) in the 
mineral wool industry, Gardner’s report (3) 
of the lack of pulmonary damage from expo- 
sure to glass wool, the absence of lung pa- 
thology noted by Desoille and Dhers (4), 
and the report of Champeix (5) with refer- 
ence to glass fiber, indicate that work with 
these substances does not represent a major 
danger to the worker’s health. 

The temporary skin irritation noted 
among workers handling fiber glass products 
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or certain mineral wool has been a source of 
complaint. This dermatitis, according to 
Schwartz and Botvinick (6), is caused by the 
mechanical impingement of tiny glass slugs 
on the skin in handling the material and oc- 
casionally is due to sensitivity to the tri- 
cresyl phosphate, which is added to the glass 
wool as a dust adhesive or to tar or the 
phenol-formaldehyde resin binder. Leder (7) 
has made histologic examination of the mi- 
nute lesions resulting from the handling of 
glass wool and finds that these are never of 
an allergic eczematous character. Infectious 
folliculitis may occur, but never an eczema. 
Erwin (8) reports that with the continued 
use of Fiberglas, most of the workers become 
“hardened” and the temporary itching, 
swelling, and redness subside. Reassurance 
and treatment with calamine lotion and 
phenol, plus the other protective measures 
instituted, handled 95 per cent of the cases 
of temporary skin irritation. 


REFERENCES 


1. Fairhall, L. T., Webster, S. H., and Bennett, G. 
A.: Rockwool in relation to health, J. Ind. 
Hyg. 17: 263 (1935). 

2. Carpenter, J. L., and Spolyar, L. W.: Negative 
chest findings in a mineral wool industry. J. 
Indiana State Med. Assoc. 38: 389 (1945). 
Abst., J. Ind. Hyg. Toxicol. 28: 8 (1946). 

3. Gardner, L. U.: Researches of Mellon Institute 
1940-41. Am. Chem. Soc., News Edition 12: 
40Z (1941). 

4. Desoille, H., and Dhers, V.: A study of the 

‘working conditions in the manufacture of 
glass-fiber insulation materials. Arch. maladies 
profess. méd. travail et sécurité sociale. 7: No. 
5, 332 (1946). 

5. Champeix, J.: Glass fiber: pathology and hy- 
giene of workshop. Arch. maladies profess. hyg. 
et toxicol. ind. (Paris) 6: No. 3, 91 (194445). 

6. Schwartz, L., and Botvinick, I.: Skin hazards 
in the manufacture of glass wool and thread. 
Ind. Med. 12: 142 (1943). 

7. Leder, M.: Investigations on the effect of glass- 


ois on the skin. Dermatologica 91: 138 
(1945). 
8. Erwin, J. R.: Fiberglas plastics. Ind. Med. 16: 439 
(1947). 
HYDRAZINE 
Characteristics 


Anhydrous hydrazine, NH2-NHb2, is a 
colorless liquid having a boiling point of 
113.5° C. and a solidifying point of about 
0° C. The colorless crystals melt at 1.4° C. 
The liquid is somewhat heavier than water 


and has a specific gravity of 1.011 at 15° C. 
It is very soluble in water, in which it dis- 
solves with rise of temperature. Commer- 
cially hydrazine is prepared by the oxidation 
of ammonia with sodium hypochlorite in 
aqueous solution made viscous with 0.2 per 
cent of glue. Anhydrous hydrazine is pre- 
pared from the hydrate by the action of 
metallic calcium, or by repeated distilla- 
tion from barium oxide. Hydrazine hydrate, 
NH2-NH;0OH, may be obtained by the frac- 
tional distillation of the aqueous solution 
and is a colorless, fuming liquid having 
strongly basic properties. It corrodes glass 
like caustic alkalies and destroys cork and 
india rubber. Hydrazine is a powerful re- 
ducing agent, readily reducing copper and 
silver salts to the respective metals. 


Uses 


Hydrazine is of particular interest at the 
present time because of its application as 
fuel for jet motors and rockets (1). It read- 
ily reacts with hydrogen peroxide, but, as 
ignition of the mixture is somewhat delayed, 
a catalyst is added. Typical rocket fuel is 
a mixture of hydrazine hydrate, methy] al- 
cohol, and a copper catalyst, K;Cu(CN), 
(2). 

Toxicity 

Hydrazine salts are very poisonous to 
lower forms of life and they also affect 
enzyme activity to some extent, although 
the sulfate has but little action on peroxi- 
dases. With large doses of hydrazine dogs 
pass into a coma with a decrease in body 
temperature of about 10 degrees. The blood 
of hydrazine-poisoned dogs is apparently 
not spectroscopically changed. Allantoin ex- 
cretion is increased but this increase appar- 
ently results from increased endogenous me- 
tabolism. The lethal dose for dogs and 
rabbits is about 1/10 of a gram per kilogram 
of body weight. The daily injection of 35 
milligrams of hydrazine sulfate in rabbits for 
1 week does not produce symptoms of intoxi- 
cation (3). However, Pennetti and DeRitis 
(4) have found that this salt, when added to 
a normal diet for rabbits, produces a diminu- 
tion of ascorbic acid in the liver. Krop (5) 
in a review of the toxicology of hydrazine 
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states that the lethal inhalation level varies 
from 100 to 576 milligrams per cubic meter 
for rats and that the LD, value for hy- 
drazine administered intraperitoneally in 
mice is 163 milligrams per kilogram. Wit- 
kin (6) found the LDsgo value for hydrazine 
administered intravenously in dogs to be 25 
milligrams per kilogram; in mice 57 milli- 
grams per kilogram; in rats 55 milligrams 
per kilogram. The oral and intraperitoneal 
values for rats and mice were only slightly 
in excess of these values. Cole and his as- 
sociates (7) have found that hydrazine poi- 
soning in mice may be successfully treated 
by the combined parental administration of 
thiopental-sodium and sodium pyruvate. 
Analysis 

Singh and Ilahi (8) have evolved a po- 
tentiometric method which they state may 
be satisfactorily used for the determination 
of hydrazine. Pesez and Petit (9) have 
found p-dimethylaminobenzaldehyde in di- 
lute sulfuric acid a suitable means of deter- 
mining hydrazine colorimetrically. In at- 
mospheric samples containing both ammonia 
and hydrazine vapor, McKennis and Witkin 
(10) have evolved a colorimetric procedure 
for determining both these substances. 
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HYDRAZOIC ACID 
Characteristics 


Hydrazoic acid, hydrogen azide, azoimide, 
HNs, is a colorless, water-white mobile liq- 
uid boiling at 37° C. It crystallizes at a low 
temperature and melts at —80° C. It is a 
monobasic acid miscible with both alcohol 
and water. The anhydrous acid is distinctly 
volatile at room temperature and solutions 
containing less than 30 per cent of the acid 
give off its vapor. Ammonia gas in contact 
with this vapor forms dense fumes of am- 
monium azide. The acid readily forms salts 
with many metals and these azides may 
readily be prepared in the pure, crystalline 
state. In these salts, the acid is always mono- 


_ basic and the formulae correspond to those 


of the halides. The acid attacks many metals 
with the evolution of hydrogen. In some 
cases, as with zinc and aluminum, both hy- 
drogen and ammonia are evolved. Hydrazoic 
acid and especially its metallic derivatives 
are explosive. Hydrazoic acid may be pre- 
pared from hydrazine hydrate and potas- 
sium nitrate, followed by distillation. More 
generally, however, it is prepared by the 
interaction of sodamide and nitrous oxide, 
followed by distillation from either sulfuric 
or phosphoric acids (NaNH2, + NO = 
NaN; + H20). It may be conveniently pre- 
pared in small amounts by acidifying so- 


. dium azide, extraction with ether, and evap- 


oration of the ethereal extract. A method has 
been recently developed for the direct syn- 
thesis of hydrazoic acid from nitrogen and 
hydrogen by streaming these gases through 
a glow discharge at low temperatures (1). 
Hydrazoic acid has a sickly, penetrating, 
and most unpleasant odor. 


Industrial Uses 


Hydrazoic acid has no practical impor- 
tance in industry except as a source of cer- 
tain metallic azides. While the salts of the 
metals of the alkalis and alkaline earths are 
not nearly so explosive as those of the heavy 
metals, the latter, particularly lead azide, 
are used for war purposes as shell detonators. 
Lead azide, Pb(Ns), is a more efficient det- 
onating agent than mercury fulminate (2) 
and has other advantages in that it requires 
a higher temperature for its spontaneous ex- 
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plosion and does not decompose on long- 
continued storage. No data are at present 
available concerning the production and con- 
sumption of lead azide during World War II. 
Toxicity 

Hydrazoic acid vapor produces unpleasant 
after-effects when inhaled. The most marked 
effect noticeable is the eye irritation and 
headache following inhalation in low con- 
centration; in greater concentrations, it 
causes death. Fairhall and his associates (3) 
found that up to about 900 parts per million 
of azoimide is not lethal when breathed by 
rats and guinea pigs for 1 hour. At a concen- 
tration beyond this point, however, its lethal 
effect ts notable and beyond 1,160 parts per 
million its lethal action is invariable when it 
is breathed for one hour. It is invariably 
fatal in exposures of one-half to three quar- 
ters of an hour. to concentrations of about 
1,300 parts per million. Very high concen- 
trations of 2,900 parts per million invariably 
cause death when inhaled for as short a 
period as 10 minutes. A degree of excitability 
is apparent at the initial stage of exposure. 
This is followed by dyspnea with flank 
breathing, lacrymation, salivation, and loss 
of muscular coordination of the extremities. 
These phenomena are followed by clonic 
convulsion, then toxic convulsion, and death. 
Since hydrazoic acid gas proved invariably 
fatal in concentrations beyond 1,160 parts 
per million, this substance should be classed 
as a dangerous gas. Graham and his associ- 
ates (4) made a clinical investigation of em- 
ployees in a lead azide factory and failed to 
find any evidence of pathological change at- 
tributable to exposure to hydrazoic acid va- 
por. In animal experiments, these. investi- 
gators found that hydrazoic acid given by 
injection in small doses produced a rapid, 
profound, and long-maintained fall in ca- 
rotid blood pressure and a transient stimu- 
lation of respiration. In high dosage, hydra- 
zoic acid was extremely toxic. 


Analysis 

In the absence of other acid or alkaline 
vapors, hydrazoic acid vapor may be 
trapped in a known amount of standard 
alkali by bubbling a measured volume of air 


through a fritted gas bubbler and back- 
titrating. Hydrazoic acid may be quantita- 
tively determined by oxidation with iodine. 
When a slight excess of iodine is added to a 
neutral or alkaline solution, nitrogen is 
evolved and may be volumetrically meas- 
ured. In very dilute solutions, ceric nitrate 
or sulfate should be added to promote the 
evolution of nitrogen. The reaction between 
an azide and nitrous acid is similarly quan- 
titative. Neural alkali salts of hydrazoic 
acid give a blood-red coloration with ferric 
salts similar to that produced by thiocya- 
nates and may be usefully employed for the 
colorimetric determination of azoimide. 
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HYDROCHLORIC ACID 
Characteristics 


Hydrochloric acid, known in its crude 
form as muriatic acid, is a solution of hy- 
drogen chloride in water. Pure hydrogen 
chloride is either a colorless gas or, when 
liquefied, a colorless, fuming, pungent liquid. 
At 0° C., 1 liter of gas weighs 1.6392 grams 
and the specific gravity is 1.268 (air = 1). 
Liquid anhydrous hydrogen chloride boils 
at —85° C., melts at —111.5° C., and has a 
specific gravity of 1.194 at —85.8° C. The 
solubility in water is 82.3 grams per 100 
milliliters at 0° C. 

Hydrochloric acid is commonly made by 
the action of sulfuric acid on sodium chlo-~ 
ride as a by-product in the manufacture of 
soda ash. It is aslo made from the by- 
product recovery of hydrogen chloride in the 
chlorination of organic compounds and by 
the burning of hydrogen in chlorine. Of the 
56 plants making hydrochloric acid in 1943, 
30 per cent were situated on or near New 
York harbor, with 11 plants in New Jersey. 
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Industrial Uses 


Industrially, hydrochloric acid is used ex- 
tensively in various chemical processes, such 
as the pickling of metals, particularly steel 
(for scale removal), in the production of 
glucose and corn sugar from starch, and in 
the refining of cane sugar. It is employed in 
the manufacture of synthetic rubbers, plas- 
tics, tetraethy] lead, glue, chemicals, and, in 
smaller quantities, in the processing of tex- 
tiles, rayon, leather, dyes, fatty acids, oils, 


reclaimed rubber, and pigments. It reacts: 


with organic acid anhydrides to form acid 
chlorides, and the anhydrous gas is used to 
form alkyl chlorides through reaction with 
alcohols, ethers, and unsaturated hydrocar- 
bons. In 1953, the United States produced 
773,500 short tons of 100 per cent hydro- 
chloric acid. 

Toxicity 

Hydrogen chloride when exposed to air 
forms dense white fumes from the condensa- 
tion of atmospheric moisture and the forma- 
tion of hydrochloric acid in solution droplets. 
The gas is seldom encountered in the anhy- 
drous state and irritations is caused by skin 
contact with these droplets, The toxicity of 
hydrochloric acid as droplets is less than 
that of anhydrous hydrogen chloride. 
Machle and his associates (1), in a study of 
the effect on animals of inhalation of hy- 
drogen chloride, demonstrated that hydrogen 
chloride has nearly the same immediate toxic 
action as hydrogen fluoride, but produces 
less serious residual effects. Exposure to hy- 
drogen chloride in a concentration of 1 mil- 
ligram per liter for 6 hours killed all animals. 
Animals exposed to 0.05 milligram per liter, 
for 6 hours a day, 5 days a week for 4 weeks 
showed no immediate toxic effects and no 
pathological changes. 

Upon investigating the increased illness 
among workmen engaged in chemical works 
where hydrochloric acid and sodium sulfate 
are produced, Bransburg and Karacharoy 
(2) found the complaints were chiefly dis- 
orders of the gastrointestinal tract. About 
20 per cent of the workmen suffered from 
gastritis with abnormal acidity of the gastric 
juice. Many cases of chronic bronchitis were 
observed, while among other workers an 


acute process of dental destruction was ob- 
served, Chemical analysis of the air in this 
case showed that during many phases in the 
production the fumes of hydrochloric acid 
escaped into the air. Hydrochloric acid has 
had some therapeutic applications in dilute 
form, although, in general, evidence of bene- 
fit from injection of extremely dilute solu- 
tions is lacking (3). Henderson and Haggard 
(4) state that 35 parts per million causes 
irritation on short exposures, and that 50 to 
100 parts is the maximum concentration tol- 
erable for 1 hour. 


Analysis 

Various methods have been proposed for 
the determination of hydrogen chloride acid 
vapor as an aerial contaminant. In the ab- 
sence of other acid vapors or gases, hydro- 
chloric acid may be absorbed and titrated. 
In the absence of other chlorides it may be 
determined nephelometrically as silver chlo- 
ride. Fairhall and Heim (5) have developed 
a rapid procedure for the micro determina- 
tion of chlorides. By means of this method, a 
fraction of a milligram of chloride in 0.1 
milliliter of solution may be determined with 
an accuracy of about 2 per cent. 
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HYDROGEN FLUORIDE 


Characteristics 


Hydrogen fluoride, hydrofluoric acid, 
(HF), a mobile, fuming liquid, solidifying 
at —82.9° C., and boiling at 19.5° C., re- 
sults from the action of fluorine on water. 
Commercially it is prepared by heating 
fluorides with sulfuric acid and trapping the 
evolved hydrofluoric acid in water. It has a 
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specific gravity of 0.9879 at 12.5° C. The 
commercial acid is a solution of hydro- 
fluoric acid in water. The most character- 
istic property of hydrofluoric acid is its 
ability to dissolve glass and, because of this, 
it must be kept in platinum, wax, or hard 
rubber and must be prepared in platinum or 
lead vessels. Hydrofluoric acid gas is color- 
less, has a penetrating odor, and its density 
is 0.713 (air = 1). The constant-boiling 
mixture of the system HF-H.O was found by 
Munter and his associates to have a compo- 
sition of 38.26 per cent hydrofluoric acid and 
a boiling point of 112.0° C. at 750.2 milli- 
meters of pressure (1). The vapor pressures 
of hydrofluoric acid solufions (2 to 30 per 
cent hydrogen fluoride) at 25°, 40°, 60°, and 
75° C. were determined by Brosheer and his 
associates (2). 


Industrial Tees 


The industrial consumption of hydro- 
fluoric acid which amounted to only 
14,842,000 pounds in 1939, increased to a 
maximum of 246,250,000 pounds in 1951. 
Anhydrous hydrogen fluorine is. used exten- 
sively by the petroleum industry in the syn- 
thesis of high octane gasolene by alkylation, 
and in the manufacture of aluminum fluoride 
which is of importance in the commercial 
production of metallic aluminum. Artificial 
cryolite, refrigerants, insecticides, the elec- 
trolytic refining of metals, the pickling of 
metals, electroplating operations, and the 
etching of glassware, all use considerable 
quantities of hydrogen fluoride. 


Toxicity (See section on Fluorine) 


Hydrofluoric acid, in addition to causing 
deep burns on skin contact, also acts as a 
protoplasmic poison. The fumes or mist of 
this acid on inhalation have been found to 
act as primary irritants, and continuous ex- 
posure to an atmosphere contaminated with 
even low concentrations causes severe in- 
flammation of the respiratory tract. This 
may result in a pneumonitis. Exposure by 
inhalation to concentrations of hydrogen 
fluoride above 1.5 milligrams per liter for 
any period of time is dangerous for rabbits 
and guinea pigs while concentrations below 
0.1 milligram per liter have been tolerated 


for 5 hours without injury sufficiently severe 
to cause death (3). Apart from the irritation 
arising from its corrosive and acid properties 
both hydrofluoric acid and its neutraliza- 
tion products such as sodium fluoride are di- 
rect cellular poisons and inhalation may 
cause deep ulcers in the upper respiratory 
tract. Hydrofluoric acid is intensely caustic 
to mucous and skin surfaces and burns or 
ulcers caused by this substance heal very 
slowly. After contact with hydrogen fluoride, 
there is a latent period varying with the de- 
gree of exposure. Treatment after immedi- 
ately flushing the skin with a large amount 
of water for 15 minutes consists in injecting 
the tissue beneath and around the affected 
area with 10 per cent calcium gluconate (4, 
5, 6). A note in the Journal of the American 
Medical Association (7) states that the use 
of triple dyes in the treatment of hydroflu- 
oric acid burns has been discarded by one 
consultant and that the calcium gluconate 
treatment has also been abandoned because 
the injections contributed to sloughing. Ac- 
cording to Henderson and Haggard (8), a 
concentration of from 50 to 250 parts per 
million is dangerous for even short expo- 
sures. 


Analysis 


Where hydrofluoric acid is the sole atmos- 
pheric contaminant various methods of ti- 
tration will recommend themselves to the 
analytical chemist. Usually, however, the 
fluoride content of the air, in addition to the 
acid content, will be of importance and var- 
ious colorimetric procedures such as the zir- 
conium nitrate-sodium alizarinate method 
or its cerous nitrate modification may be 
used (9). Lamar’s use of this method for the 
determination of fluoride in water (10) has 
been modified by Setterlind to conform to 
the requirement and procedures necessary in 
air analysis (11). 
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HYDROGEN PEROXIDE 
Characteristics 


Hydrogen peroxide, hydrogen dioxide, 
H2Oz, is a colorless, somewhat unstable liq- 
uid having a density of p 20/4 1.438, boiling 
point of 151.4°C. at 760 millimeters and 
a freezing point of —0.89° C. It is miscible 
with water in all proportions, soluble in ether 
and insoluble in petroleum ether. It is pre- 
pared by the anodic oxidation of sulfuric 
acid at a low temperature, which results in 
persulfuric acid, H2S.Oxg, and which in turn 
yields hydrogen peroxide on hydrolysis. The 
latter is then distilled off under reduced pres- 
sure. A continuous process has also been de- 
veloped in which hydrogen peroxide is made 
from ammonium persulfate. The older proc- 
ess of treating barium dioxide with sulfuric 
acid is still used to some extent, since the 
resulting barium sulfate is a salable by- 
product known as blanc fixe and used in 
paper manufacture. An aqueous solution of 
hydrogen peroxide may be concentrated to 
30 per cent by distillation at atmospheric 
pressure and to anhydrous H.O. with high- 
vacuum distillation. Solutions of hydrogen 
peroxide are usually stabilized with acetani- 
lide, because the rough surface of the con- 
tainer, even of glass, is sufficient to cause 
decomposition of the pure substance. At at- 
mospheric pressure, vapor containing 26.0 
mol per cent of hydrogen peroxide can be 
exploded by a hot wire or spark gap (1). 
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Uses 


Hydrogen peroxide in its dilute form is 
widely used in industry as a bleaching agent, 
as an oxidant, in pharmaceutical prepara- 
tions, and to some extent as an antiseptic. 
The export of hydrogen peroxide from the 
United States in 1953 amounted to 1,321,265 
pounds. 


Toxicity 


Hydrogen peroxide is not toxic in the 
usual sense. It is dangerous because of its 
strong caustic nature. Thirty per cent hy- 
drogen peroxide is especially caustic and 
can cause serious burns. Even 3 per cent 
peroxide used as a mouthwash can cause 
hypertrophied papillae of the tongue with 
continued use. Krachkow (2) has pointed 
out the hazard of skin contact with concen- 
trated hydrogen peroxide and refers especi- 
ally to corneal damage from splashes which 
can lead to permanent blindness. Barsotti 
and his associates (3, 4) have reported ec- 
zema and asthma among workers in a fac- 
tory producing hydrogen peroxide from am- 
monium persulfate and potassium persulfate. 
In this plant the atmospheric concentration 
of peroxides amounted to 0.2 milligrams per 
cubic meter. Oberst and his associates (5) 
found that the vapor of 90 per cent hydro- 
gen peroxide in a concentration of 7 parts 
per million produces lung irritation in labo- 
ratory animals. They estimate that expo- 
sure of men to less than 4 parts per million 
daily for long periods of time would not pro- 
duce serious results. In view of its thermal 
instability, 7.e., tendency to self-heat, Shan- 
ley (6) has pointed out the necessity for es- 
pecial care in the design of storage areas for 
hydrogen peroxide. 


Analysis 


A number of methods depending upon its 
oxidizing nature have been proposed for the 
determination of hydrogen peroxide. One of 
the sensitive methods for minute amounts 
is the ammonium molybdate procedure of 
Isaacs (7) in which a yellow color is pro- 
duced in citric acid solution and comparision 
made with potassium chromate standards. 
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HYDROGEN SULFIDE 
Characteristics 


Hydrogen sulfide, hydrogen monosulfide, 
H.S, is a gas at ordinary temperatures. It 
melts at —85.4° C. and boils at —60.3° C. 
It is soluble in water to the extent of 290 
volumes per 100 volumes of water at 20° C. 
and 1 atmosphere pressure, and the resulting 
concentration is about 0.1 M. Hydrogen sul- 
fide is an extremely weak dibasic acid. It is 
somewhat heavier than air, for the specific 
gravity is 1.19 (air = 1). It tends, therefore, 
to accumulate in deep cavities, such as vats 
and cellars, under stagnant conditions. It 
has a powerful, characteristic odor usually 
identified with putrefaction. 


Industrial Importance 


The importance of hydrogen sulfide in in- 
dustrial hygiene lies in its nuisance value, 
rather than its usefulness. It is a side product 
of many reactions and processes, and be- 
cause of its dangerous properties and/or 
disagreeable odor requires careful elimina- 
tion or control. A considerable amount of 
hydrogen sulfide is removed from city gas 
by iron oxide purifiers or by scrubbing with 
alkali, or with sodium phenolate, triethanol- 
amine, or sodium arsenite. The latter, known 
as the Thylox process, yields sulfur as an end 


product, which in turn is used as a dusting 
agent in agriculture, or for the manufacture 
of sulfuric acid. Hydrogen sulfide is evolved 
as a waste product in a variety of chemical 
manufacturing operations and _ téchnical 
processes. In the viscose rayon industry, 
hydrogen sulfide is evolved in large amounts, 
necessitating careful enclosure of various 
operations. Hydrogen sulfide arises from the 
decomposition of sewage and is frequently 
a source of danger to workmen in sewerage 
installations. It is also a hazardous sub- 
stance irf oil fields in which gases with a high 
content of hydrogen sulfide gas are fre- 
quently encountered (1, 2) 


Toxicity 


Hydrogen sulfide, even in comparatively 
low concentrations, is destructive to most 
forms of life. The gas is a primary irritant, 
but the systemic action caused by absorp- 
tion of the products resulting from neutrali- 
zation of the sulfide by the alkali of the 
moist tissues of the respiratory tract over- 
shadows its irritant action. When exposed to 
low concentrations of the gas, local irrita- 
tion of the eyes, nose, and throat ensues, and 
is indicated by pain and congestion of the 
conjunctiva, sneezing, dryness, and soreness 
of the mouth and throat, and increased se- 
cretion of tears, saliva, and mucus. Head- 
ache, giddiness, and loss of energy may ap- 
pear only after some time. Death following 
exposure to the lower concentrations partly 
occurs from edema of the lungs resulting 
from its irritant effect. A concentration of 
200 parts per million is sufficient to cause 
symptoms in man. Slight symptoms may 
appear after exposure to an atmosphere of 
100 parts per million for several hours. Ex- 
posure to 1,000 parts per million is rapidly 
fatal. While hydrogen sulfide is commonly 
thought to cause asphyxia due to combina- 
tion with hemoglobin and interference with 
the oxygen-carrying capacity of the blood, 
it does not in fact combine with oxyhemo- 
globin, but only with methemoglobin, which 
is not normally present in the blood. Sys- 
temic poisoning is caused by the action of 
the free hydrogen sulfide carried by the 
blood and its action on the nervous tissue 
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throughout the body. In particular, hydro- 
gen sulfide causes paralysis of the respira- 
tory tract and consequently, asphyxia. In 
lower concentrations, there is a stage of pre- 
liminary stimulation of the respiratory cen- 
ter; in high concentrations immediate pa- 
ralysis occurs and death rapidly follows. 
Numerous cases with fatal outcome have 
been reported in the literature, the cases re- 
cently reported by Freireich (3) being typi- 
cal. In addition to the hazard of hydrogen 
sulfide formed by the decomposition of waste 
material, stream pollution may be an occa- 
sional factor. Troisi (4) found that water 
taken from a stream containing the run-off 
from a rayon factory was sufficiently rich 
in hydrogen sulfide to’ cause symptoms of 
hydrogen sulfide poisoning among employ- 
ees of a beet sugar plant located down- 
stream. It is a nonaccumulative poison, and, 
if the victum is revived by artificial respira- 
tion, there are no systemic sequelae. The 
maximum allowable concentration of hydro- 
gen sulfide has been set at 20 parts per mil- 
lion of air by volume (5). 


Analysis 

Owing to its pronounced organoleptic 
properties, hydrogen sulfide may be detected 
by the sense of smell in extremely low con- 
centrations. As the atmospheric concentra- 
tion is increased, however, this response may 
become dulled to the point where dangerous 
concentrations may exist without detection. 
Hydrogen sulfide may be detected chemi- 
cally by its tendency to darken lead acetate 
paper or silver nitrate paper, or by the for- 
mation of a blue color (methylene blue) with 
p-aminodimethylaniline in the presence of 
hydrochloric acid and ferric chloride (6). In 
alkaline solutions, soluble sulfides give an 
intense violet coloration with sodium nitro- 
prusside. Quantitatively, hydrogen sulfide 
may be determined colorimetrically by its 
reaction with p-aminodimethylaniline (7). 
Convenient volumetric methods are based 
on oxidation with potassium permanganate 
or iodine (8). A recent spectrophotometric 
method for hydrogen sulfide in gases permits 
the determination of as little as 7 micro- 
grams of hydrogen sulfide with a precision 
of 10 per cent (9). 
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HYDROXYLAMINE 


Characteristics 


Hydroxylamine, NH2OH, is a colorless, 
odorless crystalline solid melting at 33° C. 
and boiling at 58° C. (under pressure of 22 
millimeters). Its density is 1.227. Hydroxyl- 
amine is very soluble in water and somewhat 
soluble in alcohol and in ether. It deliques- 
ces and oxidizes on exposure to air, inflames 
in dry chlorine, and is readily decomposed 
to ammonia, nitrogen, and water. Its aque- 
ous solution is strongly alkaline and with 
acids it forms well-defined, stable salts. It 
is a strong reducing agent, forming cuprous 
and mercurous compounds from the diva- 
lent salts and reducing silver salts to metal- 
lic silver. With aldehydes and ketones it 
forms oximes. Many substituted hydroxyl- 
amines are known. Hydroxylamine is pre- 
pared commercially as the sulfate by the in- 
teraction of sodium nitrite, acid sodium 
sulfite, and potassium chloride, which yields 
potassium hydroxylamine disulfonate HO- 
N(SO3K).2 and which is then converted to 
hydroxylamine sulfate. 


Uses 


The salts of hydroxylamine are used as 
reducing agents in analytical chemistry; in 
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synthetic organic chemistry for the prepara- 
tion of oximes; as reducing agents in photog- 
raphy; and commercially in tanning, in the 
textile industry, and as antioxidants for 
fatty acids and soaps. 

‘Toxicity 

While hydroxylamine is toxic to all living 
cells, it appears to have but little action on 
enzyme systems in general with the excep- 
tion of its slight effect on catalase. Aqueous 
neutral solutions of the salts of hydroxyl- 
amine also have but little action on the skin 
or mucous membranes beyond a slight ery- 
thema and burning sensation. Hydroxyl- 
amine is not found in the urine following its 
administration to animals (rabbits). It pro- 
duces a profound effect on the blood of 
warm- and cold-blooded animals, however, 
converting oxyhemoglobin to methemoglo- 
bin. Jacobsen and his associates (1) injected 
a group of 175 rabbits intravenously daily 
for long as 19 months. The changes pro- 
duced were similar to those following treat- 
ment with other substances causing met- 
hemoglobinemia. Hurst (2) found that 
repeated administration of hydroxylamine 
to sheep in amounts compatible with sur- 
vival caused demyelination of brain tissue 
within periods of 184 days. In thyroidecto- 
mized rabbits Wislicki and Gerendasi (3) 
have shown that, while hemoglobin and 
erythrocyte reduction were greater than in 
the control animals, the toxic effects of hy- 
droxylamine were not marked until after the 
eighth day. Hydroxylamine does not inhibit 
the nicotin-catabolizing enzyme according 
to Von Werle and Miiller (4), but has been 
found by Perlmann and Lipman (5) to have 
some effect on catalase. 

There is very little literature in general 
concerning the oral administration of hy- 
droxylamine, and most of the investigations 
reported have centered around the paren- 
teral administration of this substance. Re- 
cently, however, Riemann made an experi- 
mental investigation of the effect of oral 
administration of hydroxylamine to rats 
and mice and found the lethal dose (LDs50) 
for hydroxylamine in mice to be about 410 
milligrams per kilogram of body weight (6). 
For comparison the LDgo dose of sodium 


nitrite is 214 milligrams per kilogram of 
body weight. The feeding of 330 to 380 mil- 
ligrams per kilogram of body weight of hy- 
droxylamine daily for 178 days had no in- 
fluence on the growth of rats. However the 
experimental animals were found to have 
spleen weights four or five times that of the 
control animals. At the same time a pro- 
nounced reduction in the weights of the thy- 
roid gland was noted. No disturbance in the 
general condition of the experimental rats 
was observed at any time during the experi- 
ment. There is no record of industrial poi- 
soning due to the manufacture or handling 
of hydroxylamine. 


Analysis 


Numerous methods have been proposed 
for the analysis of hydroxylamine and have 
for the most part been based upon its power- 
ful reducing action. Of these methods that 
of Raschig appears to be the best. In this 
method the proportion of ferric sulfate re- 
duced in acid solution is found by titration 
of the ferrous iron with permanganate and 
the corresponding amount of hydroxylamine 
calculated. 
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INDIUM 
Characteristics 


Indium, In, atomic weight 114.76, is a 
silvery-white, soft metal unaffected by ex- 
posure to air, with a melting point of 155° 
C. and a boiling point somewhat above 
1450° C. Its density is 7.3. Heated in air, it 
burns with a blue flame yielding indium 
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trioxide. The indic ion, In‘, is colorless, am- 
monia or alkali hydroxide precipitating the 
hydroxide, In(OH)3. The nitrate, sulfate, 
the alums, and the halides are soluble, the 
latter resembling cadmium compounds in 
that they are weak salts. Yellow indium 
sulfide, In.S3, is precipitated by hydrogen 
sulfide in the presence of very dilute acid. 


Industrial Uses 


Although an extremely rare metal only 
a few years ago, indium has become com- 
mercially important. In 1945, the indium 
content of metal, alloys, and salts produced 
was 57,434 troy ounces. Production nearly 
tripled by 1951 and had increased to 153,191 
troy ounces. While indium is itself a soft 
metal, the use of small amounts alloyed with 
nonferrous metals yields a metal alloy hav- 
ing greater tensile strength and increased 
hardness, as well as resistance to wear, fric- 
tion, abrasion, and corrosion. It is used as 
a decorative metal in silverware where small 
percentages result in a hard alloy which is 
said to resist tarnishing. When alloyed with 
copper, the resulting metal may be highly 
polished and yields an attractive finish 
which is not susceptible to oxidation and 
sulfidation. Its principal commercial use is 
that of plating aircraft engine and automo- 
bile engine bearings, on which it produces 
a wear-resistant and corrosion-resistant sur- 
face. A cyanide bath is usually employed 
for plating objects with indium. Indium ox- 
ide has been used in glass to produce yellow 
to amber shades. 

Toxicity 

While indium is undoubtedly toxic on 
subcutaneous injection in amounts of from 
7 to 30 milligrams per kilogram of body 
weight (1) or on intravenous injection, it 
cannot be said to have a sufficiently high 
toxicity rating to be of any great industrial 
significance. In animals, large quantities of 
the hydroxide ingested over a period of 2 
weeks are without apparent toxic effect on 
mice (2). It has been found that the metal 
and its salts possess no skin irritant proper- 
ties (1). Weakly acid foodstuffs dissolve 
indium to some extent from indium-coated 
containers and ingested indium has been 


demonstrated in the urine of animals ingest- 
ing indium salts, showing that absorption 
does occur (3). Vignoli and his associates 
(4) have investigated the pathological 
changes produced in white rats following the 
subcutaneous injection of doses of the cit- 
rate or chloride in amounts sufficiently 
great to produce intoxication. Degenerative 
changes were found in all cases in the liver, 
kidneys, and myocardium. The toxic syn- 
drome, when indium is administered in salt 
form parenterally in experimental animals, 
includes rapid anorexia, weight loss, nose 
bleeding, paresis of hind legs, and much 
twitching. Postmortem examination reveals 
widespread inflammation and focal hemor- 
rhages (5). When the skin of people were 
patch tested, there was no evidence of any 
skin irritant property. It appears that while 
indium has undoubtedly toxic properties, its 
industrial use does not constitute a toxic 
hazard even as a skin irritant. 


Analysis 


Indium may be determined gravimetri- 
cally by the separation of indium sulfite, 
ignition, and weighing as the oxide, In2Os, 
(6). A semi-micro method for the determi- 
nation of indium depends upon its reaction 
with 8-hydroxyquinoline (7). Indium also 
gives a red color with alizarin and may be 
separated by quinalizarin (8, 3). A micro 
method devised by Royer (9) and depend- 
ing on electrolytic separation is satisfac- 
torily accurate for amounts of indium in the 
neighborhood of 1 milligram. The principal 
spectral lines are 4511.31, 4101.76, 3256.22, 
and 3039.46. 
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IODINE 
Characteristics 


Iodine, I, atomic weight 126.92, melting 
point 113° C., boiling point 183° C., density 
4.948 at 17° C., is a nonmetallic element be- 
longing to the halogen group and consists 
of bluish-black plates or scales of metallic 
luster. It sublimes without melting below 
a pressure of 100 millimeters and may be 
melted at 1 atmosphere pressure. It is 
slightly soluble (100 parts of water dissolve 
0.02 parts of iodine), soluble in alcohol, car- 
bon disulfide, ether, carbon tetrachloride, 
chloroform, or iodide solutions. It volatilizes 
slightly at room temperatures. As the tem- 
perature is increased,-purple fumes are 
evolved. While its usual valency is 1, it also 
is occasionally 3 or 5. Iodine is obtained 
from the mother liquor of Chile saltpeter 
and the ashes of seaweeds, and occurs in 
small quantities widely diffused through 
nature. 


Industrial Uses 


Iodine is used in the aniline dye industry, 
in the manufacture of iodoform and of aris- 
tol (di-thymol-di-iodide) , its improved sub- 
stitute. It is used in the production of pure 
potassium iodide which is extensively em- 
ployed in medicine and photography. It is 
used as a reagent in volumetric analysis, in 
organic synthesis, and as a catalyst for the 


alkalation of primary amines, especially an- 
iline and a-naphthylamine. 

It has been shown that there is a close 
correlation between the distribution of io- 
dine in surface waters and the incidence of 
goiter in the United States. The daily iodine 
requirement for an adult is approximately 
0.045 milligram. The thyroid gland is ca- 
pable of storing excess iodine and for that 
reason iodine need not be present in the diet 
daily. Such public health measures as the 
addition. of sodium iodide to water supplies 
and the use of iodized salt have become 
widespread. It is used medicinally as an 
alterative, an antiseptic and caustic, and, 
because of its opacity to roentgen rays, sev- 
eral of its compounds have proved useful 
in diagnosis. During 1951, 1,237,922 pounds 
of crude iodine were consumed in the United 
States. 

The use of triglycerine hydroperiodide for 
water sterilization in Korea was stated to 
be especially effective against cysts causing 
amoebic dysentery. Radioactive iodine has 
become increasingly important in biological 
and medical investigations. According to 
Price and Foege (1) this radioisotope pro- 
vides a more rapid and generally satisfac- 
tory means of estimating thyroid activity 
than tests of basal metabolic rate. Iodine 
132 (118?) has a half-life of 2.4 hours and is 
now commercially available. 


Toxicity 


The irritant and corrosive action of iodine 
is greater than that of bromine or chlorine 
and is manifested by cough, lacrimation, 
headache, and vertigo. Certain individuals 
show an _ idiosyncracy- towards minute 
amounts of iodine. The symptoms of iodine 
poisoning following administration by 
mouth develop in the following order: gas- 
tric uneasiness, disagreeable metallic taste, 
violent abdominal pain, severe collapse with 
feeble pulse, diarrheic stools, sometimes 
bloody. The collapse may be postponed to 
the second day (2). Iodine and iodides are 
convertible into thyroxin and in this manner 
affect the metabolism. The continued ad- 
ministration of iodine compounds may cause 
irritation of the skin and mucous mem- 
branes and may also lead to anemia, men- 
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tal depression, nervousness, and insomnia. 
The action of iodine vapor is similar to that 
of chlorine and bromine, but it is more 1rrl- 
tating to the lungs. Henderson and Haggard 
(3) give the maximum concentration allow- 
able for prolonged exposure as 1/10 of 1 part 
per million and for short exposure (1/2 to 
1 hour) as 0.5 to 1.0 parts per million. 

Tests of chronic toxicity of iodine used as 
tetraglycerine hydroperiodide in the purifi- 
cation of water at an average dose of iodine 
of 12 milligrams per man per day for 16 
weeks and of 19.2 milligrams per man per 
day for the last 10 weeks failed to disclose 
any untoward effects on humans (4). 


Analysis 


Free iodine imparts a yellow color to an 
aqueous solution while carbon-disulfide is 
colored violet, ether or chloroform is given 
a reddish color, and cold starch solution 
turns blue. Soluble iodides are readily oxi- 
dized to iodine. Insoluble iodides are trans- 
posed by hydrogen sulfide, the filtrate con- 
taining the halogen. Acidulated solutions of 
iodates yield free iodine on reduction. The 
well-known procedure involving titration 
with sodium thiosulfate is an extremely ac- 
curate volumetric method for the determi- 
nation of small amounts of iodine. However, 
there are but few colorimetric methods for 
the detection or colorimetric determination 
of iodine and none of these is specific. 
o-Tolidine gives a bluish-green color in neu- 
tral iodine solutions similar to its reaction 
with chlorine. Dimethyl-p-phenylene di- 
amine also develops a color (in this case red) 
in solutions of iodine. Bromine and chlorine 
both yield similar colors. 
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IRON 


Characteristics 


Iron, ferrum, Fe, atomic weight 55.85,. 
melting point 1530° C., boiling point 2735° 
C., is a metallic element having a density 
of 7.86 at 20° C. Iron is tetramorphous; the 
transition temperatures between the forms 
are alpha to beta 766° C., beta to gamma 
895° C., and gamma to epsilon 1400° C. 
a-Iron called ferrite, the chief constituent 
of wrought iron, is a soft, tough, gray-white 
paramagnetic metal. y-Iron is but slightly 
magnetic in contrast with the a-form. It 
forms solid solutions with iron carbide and 
these are present in a metastable state after 
quenching. Iron is, after aluminum, the 
most abundant metal and occurs in practi- 
cally all rocks and in a large number of min- 
erals. It occurs as metallic iron in meteorites 
and in mineral form as hematite (Fe2Os3), 
magnetite (Fe3;0,4), limonite (Fe(OH)s), 
pyrite (FeS), marcasite (FeS.), and siderite 
(FeCO3). Iron forms several series of com- 
pounds but is mostly bivalent and trivalent 
—rarely hexavalent. The first two series of 
salts are, respectively, those derived from 
ferrous oxide containing bivalent iron and 
those derived from ferric oxide or ferric hy- 
droxide which contain trivalent iron. Iron 
and steel corrode with different degrees of 
readiness, depending on their composition. 
Cast iron is often protected by its casting 
skin. The corrosion of steel is often favored 
by the presence of impurities which cause 
electric couples to be established. The elec- 
tric welding of iron and steel produces fume 
which contains about 35 per cent of iron 
calculated as Fe. 


Industrial Uses 


Production of iron ore in the United States 
in 1953 reached a new high of 117,994,769 
gross tons. The greater part of this ore was 
consumed in iron blast furnaces. Smaller 
amounts were used in steel furnaces, sinter- 
ing plants and in ferro-alloy furnaces. The 
pig iron product of the blast furnaces went 
into steel-making furnaces, with a total 
steel production in 1953 amounting to 
117,821,981 net tons. 
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Toxicity 

Although ingested ferric chloride has been 
used with criminal intent to cause poisoning 
and the absorption of soluble iron salts in 
quantity is known to produce toxic effects, 
iron in general is not considered a toxic sub- 
stance. Iron is chiefly of interest in industrial 
hygiene in those processes in which workers 
are exposed to iron oxide fume in welding 
operations or to iron oxide dust as in the 
mining of iron ore or in the polishing of ma- 
terials, such as silver or glass, with rouge. A 
number of studies of workers’ lungs have 
been made of individuals who had been ex- 
posed to iron oxide dust for the greater part 
of their working life. Collis in 1923 (1) drew 
attention to certain lung shadows in hema- 
tite iron ore miners, which he suggested were 
produced by iron oxide and not by fibrosis. 
Doig and McLaughlin (2) in 1936 first de- 
scribed the roentgen appearance of fine 
nodulation in the lungs of electric are weld- 
ers and suggested that these appearances 
might be due to iron deposits. Enzer and 
Sander (3) examined 26 electric arc welders 
who had worked an average of 19 years with 
metal containing 99 per cent iron and 0.1 
per cent free silica and concluded that depo- 
sition of iron oxide in the lungs is responsible 
for the X-ray appearance of nodulation in 
the lungs. The characteristic marking which 
makes its appearance after 5 to 10 years’ 
exposure and is revealed on X-ray examina- 
tion (4) is called “welder’s siderosis” by 
Groh (5). Welder’s siderosis was especially 
considered in a clinical and environmental 
investigation into the respiratory health 
hazards of shipyard arc welders made by the 
U. S. Public Health Service during World 
War II (6). This condition is of a low order 
of severity and confirms Sander’s and Groh’s 
observations that ordinarily 6 to 10 years 
are required before diagnosable roentgeno- 
graphic changes occur. Recently, McLaugh- 
lin and his associates (7) have shown that 
radiographic abnormality in the lungs of 
silver polishers resulted from deposits of 
iron oxide without attendant fibrosis of the 
lungs. Microscopic examination of sections 
of lung in these cases indicated no evidence 
of chronic inflammation and particularly no 


fibrotic changes. The radiographic stippling 
or fine nodulation of the lungs with no de- 
tectable fibrotic changes seen in rouge pol- 
ishers has been experimentally produced in 
the rat by the intratracheal injection of 
rouge (8). Buckell and his associates (9) 
radiographed 171 individuals exposed to iron 
dust in iron turneries. Changes in the lungs 
in the form of reticulation due to iron oxide 
were present in 15 instances. In five cases, 
the individual had been working at this 
trade for 20 years. The changes were not 
great, symptoms were few, only one com- 
plaining of shortness of breath, although six 
noted a tendency to cough. Gardner and 
McCrum, in 1942 (10), showed that in 
guinea pigs severe pulmonary irritation from 
welding fumes and gases does not favor in- 
fection with tubercle bacilli nor bring about 
progressive tuberculosis. Prendergrass and 
Leopold (11) designate the condition result- 
ing from the inhalation of finely divided iron 
dust from metal grinding as benign pneumo- 
coniosis. It has been stressed by Hunter 
(12), however, that the lung cannot become 
a physiological dust trap and yet retain its 
normal structure and function. 

Iron forms several carbonyls of which iron 
tetracarbonyl, Fe(CO),4, and iron pentacar- 
bonyl, Fe(CO)s5, are the most important. The 
former is a solid consisting of dark green, 
lustrous crystals which decompose to iron 
and carbon monoxide at 140° to 150° C.; the 
latter is a pale yellow liquid which boils at 
102.8° C. and the vapor of which also de- 
composes when heated, yielding iron and 
carbon monoxide. The leakage of carbon 
monoxide from hot iron stoves has been 
ascribed to diffusion of carbon monoxide 
through the iron shell resulting from the suc- 
cessive formation and decomposition of iron 
carbonyl. Iron pentacarbonyl! has been used 
to some extent in organic synthesis and as a 
military explosive, which has both incendi- 
ary and toxic properties. According to Amor 
(13), iron carbonyl is somewhat less toxic 
than nickel carbonyl. The latter is stated to 
be at least five times as toxic as carbon mon- 
oxide (cf. Nickel). 
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Analysis 


Methods for the detection and determina- 
tion of iron are legion. The separation of 
iron when present in small amounts by 
means of cupferron, the ammonium salt of 
nitrosophenylhydroxylamine, is particularly 
convenient because the precipitation occurs 
in acid solution and even in the presence of a 
considerable amount of mineral acid. Nu- 
merous methods have been devised for the 
colorimetric determination of iron which de- 
pend upon the formation of a red color by 
ferric iron with ammonium thiocyanate. 
a, a-Dipyridy] is particularly useful for the 
colormetric determination of ferrous iron, 
with which it gives a red color, while ferric 
iron produces no color change. In the analy- 
sis of welding fume samples, the determina- 
tion of the iron content of the sample is of 
importance to the industrial hygienist. 
Keenan and Minderman (14) have recently 
studied the exact conditions necessary for 
the accurate analysis of iron in welding 
fume samples. Their method is furthermore 
particularly adapted to the range of iron 
values generally found in samples of this 
nature. 
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KAOLIN AND OCHRE 
Characteristics 


Kaolin is a white, plastic mineral having 
the composition He.Al2(SiO4)2-H.O and 
formed by the weathering of feldspar, 
KAISi;0s. Ordinary sedimentary clay is a 
less distinctive substance and usually con- 
tains many impurities, such as compounds 
of iron, silica, and carbonates of calcium 
and magnesium. Ochre is clay colored, with 
oxides of iron or manganese. A great variety 
of the mineral earth pigments exists ranging 
in color from black through brown and red 
to yellow. The true ochres are low in iron 
and are yellow, or yellowish brown, and the 
darker colored mineral earth pigments are 
those richer in iron. Certain colors are de- 
veloped by controlled heating of the mineral 
earths, or such hydrated iron ores as limo- 
nite, 2Fe203-3H20, or goethite, FeO(OH), 
mixed with clay. 


Uses 


Kaolin is chiefly used in the pottery in- 
dustry and in porcelain manufacture. The 
ochres are paint pigments. The production 
of mineral earth pigments in the United 
States in 1951 amounted to 126,432 short 
tons (1). 


Toxicity 


Kaolin and the ochres are ordinarily con- 
sidered to be physiologically inert and, so 
far as industry is concerned, of very little 
hygienic importance. King and his associates 
(2) for instance tested two types of kaolin 
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by intratracheal insufflation of this sub- 
stance into the lungs of rats and compared 
the lesions formed with those caused by 
quartz. The kaolins produced only a mild 
reticulin reaction not comparable with the 
silicosis produced by quartz. An ignited 
specimen of kaolin, which contained amor- 
phous silica in the form of glass, produced 
slightly more reticulinosis but no fibrous 
silicosis. Policard and Collet (3) have found 
kaolin to be less active in causing fibrosis 
than mica and considerably less active in 
this respect than quartz. However, a certain 
degree of physiological response has been 
reported by Haubrich (4) with reference to 
the processing of ochre. Haubrich reports 
eight cases of pneumonoconiosis from ochre 
dust. Five of these had roentgenologic char- 
acteristics of the typical pneumonoconiosis 
caused by ochre dust. The pulmonary mark- 
ings are minute spots or a network of 
stippling resembling the pneumonoconiosis 
caused by iron dust. In one case of ochre 
pneumonoconiosis the pulmonary markings 
had advanced to the third, most advanced, 
stage. While this type of pneumonoconiosis 
does unquestionably occur, Haubrich states 
that the incidence is rather minor, as so few 
are engaged in the process of grinding ochre. 
Attygalle and asociates (5) found that the 
mild lesions produced by the intratracheal 
injection of dead bacillus Calmette-Guerin 
(BCG) were intensified when injected in 
combination with kaolin. 
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LANTHANUM 


Characteristics 


Lanthanum, La, atomic weight 138.92, 
density 6.16, is a tin-white metal which is 
malleable and ductile. It has a melting point 
of 815° C., boils at approximately 1800° Cy 
and burns in air at 440 to 460° C. to form the 
oxide, La2Ox. It is the most electropositive of 
the rare-earth metals. Lanthanum tarnishes 
rapidly even in dry air. The salts of lan- 
thanum are derived from the colorless basic 
oxide, La,O3, which occurs in a dozen dif- 
ferent minerals, such as cerite, parisite, and 
monazite, usually associated with cerium. 
Lanthanum, like cerium, adsorbs hydrogen 
readily. The compound, LaHs, has been de- 
scribed as a brittle, amorphous solid of a 
bluish-black color. Although lanthanum has 
been generally ascribed to the rare-earth 
group of metals, it is now considered to 
represent a transition stage and cannot be 
included in the rare-earth series proper (1). 
Little is known of the alloys of lanthanum. 
It forms solid solutions with magnesium but 
not with aluminum (2). A definite metal 
compound, LaAl,, has been described, how- 
ever (3). 


Industrial Uses 


Lanthanum has few commercial appli- 
cations. The well-known “flints” for ciga- 
rette lighters are brittle alloys of iron, ce- 
rium, and lanthanum in various proportions. 
The oxide is used for the preparation of 
color-free optical glass and in certain ce- 
ramic glazes. Lanthanum compounds are 
used in cored carbons for special electric are 
lamps in lithographic and other printing es- 
tablishments where an intense white light is 
needed. Lanthanum oxide is superior to lime 
for oxyhydrogen lights and has limited ap- 
plication for that purpose. 


Toxicity 

Very little investigation has apparently 
been made of the physiological effects of the 
salts of lanthanum, but the experimental 
literature indicates that lanthanum is not 
distinguished by any pronounced physio- 
logical action. The oxalate is said to be prac- 
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tically nontoxic by mouth even in enormous 
doses (4), but this is obviously due to the 
insolubility of this substance. The oral tox- 
icity of lanthanum is very low according to 
Cochran and his associates (5). In some re- 
spects its biological properties are similar 
to those of aluminum. Bamann (6), how- 
ever, states that lanthanum salts on intra- 
venous injection act as phosphate acceptors 
and interfere with blood coagulation by re- 
ducing the prothrombin content of the blood. 

Some attention has recently been directed 
towards a source of exposure to lanthanum 
oxide dust and fume in the lithographic in- 
dustry where cored arc light carbons con- 
taining lanthanum compounds are in use for 
the intense illumination required. Workers 
have complained of headache and nausea 
following the replacement of ordinary car- 
bons with lanthanum cored carbons. While 
a significant amount of lanthanum oxide 
fume and dust is evident in such litho- 
graphic establishments, no experimental 
work has been undertaken to prove a causal 
relationship between the fume and any 
physiological effects. 


Analysis 


Lanthanum is precipitated quantitatively 
from dilute acetic acid solution by means of 
8-hydroxyquinoline when the solution is 
ammoniacal (7). The precipitate can be 
dried at 130° C. and weighed or it can be 
dissolved in 2 normal concentrations of hy- 
drochloric acid and the liberated oxine ti- 
trated with an excess of potassium bromate 
and potassium bromide. The excess BrO3" is 
then back-titrated with sodium thiosulfate 
to an indigo-carmine end point. Small 
amounts of lanthanum react with quinal- 
izarin to produce a colored lake, and this 
method may be applied to its detection. 
However, it should be pointed out that a 
colored lake formation is not specific for 
lanthanum since a number of other sub- 
stances react similarly. 
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LEAD 
Characteristics 


Lead, plumbum, Pb, atomic weight 207.22, 
density 11.34, melting point 327° C., boiling 
point 1470° C., is a soft gray metal. Lead is 
heavy, malleable, and ductile, and is pro- 
tected from corrosion by the formation of a 
thin coating of gray oxide. Many lead pig- 
ments suspended in linseed oil when applied 
as thin coating form an elastic film on drying 
which is impervious to water. Depending on 
its source, lead varies somewhat in atomic 
weight since it is largely a mixture of iso- 
topes. The end product of the uranium- 
radium series is lead of atomic weight 206 
and of the thorium series 208; the atomic 
weight of ordinary lead is 207.22. Lead ex- 
tracted from uranium ores has a density of 
11.27 as compared with 11.34 for ordinary 
lead. Lead is quite resistant to the action of 
even moderately concentrated sulfuric acid, 
but is readily oxidized by oxygen in the 
presence of various weak organic acids, such 
as acetic acid. The principal lead ore is the 
sufide, or galena, PbS, and this is generally 
associated with the sulfides of silver, copper, 
arsenic, antimony, bismuth, and tin. Other 
common ores are cerussite (PbCO3) and 
anglesite (PbSO,). 


Industrial Uses 


The consumption of refined lead in the 
United States in 1953 was 1,180,355 short 
tons in comparison with 1,237,981 short 
tons in 1950 (1). The amount used in 1953 
for storage batteries was 362,767 short tons; 
for tetraethyl lead 162,443 short tons, for 
cable covering 146,536 short tons, and for 
white lead 17,773 short tons. There has been 
& pronounced increase in the price of lead in 
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comparison with the war-time price and a 
decrease in domestic production. 
Toxicity 

The economic importance of lead and 
many of its compounds, taken in relation to 
its physiological effects, is such that the de- 
gree of industrial exposure is of great hy- 
gienic significance. In general, workers are 
exposed to lead fume and dust in the smelt- 
ing of lead; to lead carbonate, lead sulfate, 
red lead, and lead chromate in the pigment 
industry ; to lead arsenate dust in the manu- 
facture and use of insecticides; to lead sili- 
cate in the pottery industry; to litharge, red 
lead, and lead peroxide in the storage 
battery industry; and to the sulfide, car- 
bonate, and oxide of lead in the mining and 
milling of lead ore. A significant potential 
lead fume or dust hazard occurs in metal- 
lizing with lead wire, in the torch cutting of 
painted steel (2), and in the streamlining of 
automobiles. Lead absorption through the 
intact skin does not occur except in the case 
of certain lead organic compounds, such as 
lead tetraethyl. Lead intoxication by in- 
halation is the most serious mode of exposure 
in industry, and occurs following prolonged 
exposure to lead or its compounds. The 
solubility of the various lead compounds is 
of more importance than the size of particles, 
and the rate of solution is not only a function 
of the surface, but depends also upon the 
solvent, which in this case is the tissue fluid 
of the lung (3). Certain lead compounds 
have been shown to be particularly soluble 
in fluids of this type (4). The low incidence 
of lead poisoning among miners in galena 
mines is probably due to the insolubility of 
lead sulfide in the tissue fluid of the lungs. 
Where active absorption of lead occurs in 
excess of the physiological tolerance, some 
storage of lead occurs, particularly in the 
bone tissues. This storage does not, however, 
otcur pari passu with the excess of intake 
but apparently reaches a limiting value. 

The diagnosis of lead poisoning still ap- 
pears to be a matter of some difficulty. No 
dangle criterion can be accepted as infallible. 
With chronic lead poisoning and a clear-cut 
history of exposure, diagnosis is often 
simple; with incipient lead poisoning, it 1s 


frequently very difficult to make a true 
diagnosis of lead poisoning A number of 
factors must be taken into account and each 
of these carefully evaluated, for not only 
diagnostic skill and experience with lead 
poisoning are necessary but careful and com- 
petent laboratory investigation of the blood 
picture and of the urinary excretion of lead 
are also required. The cardinal symptoms of 
lead poisoning include colic, the lead or 
Burtonian line, basophilic stippling of the 
erythrocytes, pronounced urinary excretion 
of lead, palsy, and anemia. Any one or sev- 
eral of these may be absent. High values of 
urinary excretion indicate only active lead 
absorption, but a single low value does not 
necessarily indicate the absence of lead 
poisoning (5). Data regarding the urinary 
excretion of lead by children who have been 
poisoned by chewing lead paint are of par- 
ticular interest not only because of the di- 
agnostic value of such data, but also because 
children tend to store lead more readily 
than adults. Byers, Maloof, and Cushman 
(6) found values above 80 micrograms per 
24 hours for such lead-poisoned children, 
while excretion values for a control group 
were below 55 micrograms per 24 hours. 
While the basophilic granulation or stip- 
pling of the red blood cells is somewhat 
limited as a diagnostic sign in lead poisoning, 
it is nonetheless most useful to an experi- 
enced observer. Although it is well known 
that individuals who have suffered pro- 
longed exposure to lead may exhibit little or 
no stippling, this basophilic granulation of 
the red cells when considered with other 
factors is a valuable index of lead absorp- 
tion. Belknap (7) considers that more than 
12 stippled cells per 50 fields examined in 
the face of known lead exposure indicates 
abnormal lead absorption. Lane (8) found 
punctate basophilia in practically all work- 
ers exposed to a lead hazard and has pointed 
out the significance of the size of the gran- 
ules. Large granules indicate excessive ab- 
sorption or mobilization of lead. McFadzean 
and Davis (9) have thrown further light on 
the nature and significance of stippling in 
general and particularly in relation to the 
anemia of lead poisoning. 
Dimercaptopropanol (BAL) therapy was 
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used for a time in the treatment of lead 
poisoning and was found to increase the 
urinary excretion of lead at an early stage 
of treatment. However its value has been 
regarded by Belknap (10), by Anderson (11) 
and by others as debatable. Later investiga- 
tions with an interesting chelating agent, 
ethylenediamine tetraacetic acid, have 
proved more promising in the treatment of 
lead poisoning. According to Belknap and 
Perry (12) it does not give the prompt re- 
lief of lead colic in comparison with the 
immediate_response to intravenous calcium 
gluconate, but does stimulate lead excretion 
markedly. However a combination of these 
two therapeutic measures is effective in the 
treatment of lead poisoning. Rieders and 
his associates (13) have found the sodium 
calcium salt of ethylenediamine tetraacetic 
acid especially effective in relieving the 
symptoms of chronic lead poisoning. 

Lead tetraethyl, Pb(C2Hs5)4, which is 
now in common use in motor fuels as an 
anti-knock substance, is very toxic. Motor 
grade fuels contain no more than 3 milliliters 
of lead tetraethyl per U. S. gallon; aviation 
fuels for commercial use, no more than 4.5 
milliliters per U. S gallon of gasoline. Lead 
tetraethyl is a clear, heavy, somewhat oily 
liquid with a peculiar sweetish odor and is 
somewhat volatile at room temperature. 
Poisoning from this substance may occur by 
absorption through the intact skin, as well 
as by inhalation of its vapor. Lead tetra- 
ethyl] is lipoid-soluble. In poisoning, nervous 
symptoms predominate. Insomnia, mental 
irritability, and instability are constant 
features. Lead encephalopathy with acute 
mania may develop. In less severe cases, 
sleep may be broken and restless with ter- 
rifying dreams. Visual difficulties are some- 
times experienced, anorexia, nausea, and 
vomiting occur, and weakness, tremor, mus- 
cular pains, and ease of fatigue are common 
complaints. The usual signs and symptoms 
of chronic lead poisoning may appear. Acute 
poisoning and fatalities occurred at an early 
stage in the commercial use of lead tetra- 
ethyl, but under regulations promulgated by 
the United States Public Health Service (14) 
the danger both of manufacture and use of 
this substance has been rendered insignifi- 


cant. According to Kehoe (15), the lead ex- 
posure associated with the handling and dis- 
pensing of gasoline containing tetraethyl 
lead at service stations of the prevailing type 
in the United States is negligible. In 1933, 
the United States Public Health Service es- 
tablished a maximum permissible concentra- 
tion of the lead content of air to which 
workers are exposed of 0.15 milligram of 
lead as Pb per cubic meter of air (16). This 
value has been adopted by the American 
Standards Association (17) and also by the 
American Conference of Governmental In- 
dustrial Hygienists. However, on the basis 
of development of clinical symptoms at 
lower lead concentrations and after careful 
statistical analysis, Horiuchi and Ida (18) 
consider 0.15 milligram of Pb per cubic 
meter in the working atmosphere as too 
high and they therefore recommend a value 
of 0.05 milligram of Pb per cubic meter as 
a safety limit. 


Analysis 


Methods for the micro-analysis of lead 
applying principally to its determination in 
urine are legion. Practically every means of 
attack afforded by analytical chemistry has 
been successively applied or advocated in or- 
der to establish a procedure of sufficient 
merit to be at once rapid and accurate. Spec- 
trographic, colorimetric, polarographic, and 
volumetric methods have all been advocated 
for the detection and determination of these 
minute amounts of lead. Feicht et al. (19) 
have found the polarographie method par- 
ticularly useful for the determination of lead 
in environmental samples where the lead 
exists as an aerial contaminant. The micro- 
method of. Fairhall and Keenan (20) for the 
determination of lead in biological material 
is at once rapid and accurate. In this method, 
advantage is taken of the quantitative 
segregation of lead by means of diphenyl- 
thiocarbazone (dithizone) and a convenient 
micro procedure which permits the specific 
identification and quantitative evaluation of 
micro quantities of lead. The various metk- 
ods of lead analysis have recently been dis- 
cussed by Fairhall (21). Sensitive arc lines 
for the spectrographic detection of lead are 


4057.83, 3683.47, 3639.58, 2833.07, and 
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2614.20. 
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LITHIUM 


Characteristics 


Lithium is a silvery-white metal of the 
alkali metal group, having an atomic weight 
of 6.940, a valence of 1 and atomic number 
of 3. It is the lightest of all the metals. Its 
melting point, variously given over the range 
178° C. to 186° C., is probably near 180° C. 
Its boiling point is 1336° C. and density is 
0.534 at 20°. While lithium is widely dis- 
tributed in small amounts, it occurs prin- 
cipally in epidolite, or lithium mi¢a, 6 per 
cent; in spodumene up to 6 per cent; and in 
petalite up to 3 per cent. Lithium is the 
hardest of the alkali metals and is about as 
hard as lead. Unlike the other alkali metal 
phosphates and carbonates, lithium phos- 
phate and lithium carbonate are only spar- 
ingly soluble in water. Lithium chloride is 
fairly soluble in amyl] alcohol and in py- 
ridine. Lithium metal readily combines with 
hydrogen at red heat to form lithium hy- 
dride, LiH—a substance that within the last 
few years has achieved commercial impor- 
tance and significant applications. 


Uses 


Special applications of lithium compounds 
have accounted for an accelerated produc- 
tion of lithium. The output of lithium in 
the United States increased from 4,838 short 
tons in 1949 to 15,611 short tons in 1952. 
This increase was largely due to the im- 
portance of the metal with reference to 
thermonuclear reactions. Other more com- 
monplace uses for lithium are found in the 
manufacture of bearing alloys, in optical 
glass and ceramic glazes, in the manufacture 
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of radio tubes, and in alkaline storage bat- 
teries. The use of lithium chloride in the di- 
rect current carbon arc for the suppression of 
cyanogen bands in spectrographic analysis 
developed by Keenan and White (1) permits 
more accurate determination of trace ele- 
ments whose lines occur in that region. 


Toxicity 

Lithium chloride used as a substitute for 
sodium chloride in certain heart conditions 
gained some unfavorable attention a few 
years ago when serious effects were noted in 
patients using so-called salt substitutes, 
where a low-sodium diet was prescribed (2, 
3, 4). Apparently patients on a low-sodium 
diet are especially susceptible to the toxic 
action of lithium chloride. In doses of 1 to 
5 grams per day lithium chloride may pro- 
duce marked symptoms such as muscular 
weakness, vertigo, tinnitis, blurring of vision, 
and pronounced tremor. Experimental 
studies with animals have shown that the 
intraperitoneal or oral administration of 
lithium chloride in doses of 1 millimol per 
kilogram or greater, resulted in diarrhea. 
Lithium passes more slowly into and out of 
cerebral tissue than through muscle tissue. 
There is no evidence of accumulation of 
lithium in either tissue. 


Analysis 

The determination of small amounts of 
lithium in biological materials by direct 
chemical means is somewhat difficult, as 
lithium forms no specific and distinguishing 
colored compound. However lithium stea- 
rate, unlike other alkali stearates, is rela- 
tively insoluble in organic solvents and this 
property has been utilized by Caley (6) for 
amounts as low as 0.02 milligram. However 
its spectrographic determination is not diffi- 
cult. Lithium gives a strong and persistent 
spectral line at 6707.9 and a weaker, but 
also persistent, line at 4603.2. 
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MAGNESIUM 
Characteristics 


Magnesium, Mg, atomic weight 24.32, is 
a silver-white metal, with a melting point of 
651° C., a boiling point of 1120° C., and a 
density of 1.74. It is insoluble in water but 
is dissolved by all acids with the formation 
of the corresponding magnesium salts. The 
molten metal burns readily in air, and in 
the ribbon or finely divided form burns with 
a bright light to the oxide or nitride giving 
a continuous spectrum. Although a light 
metal, magnesium is relatively strong. It is 
malleable but is ductile only at high tem- 
peratures, does not tarnish in dry air but in 
moist air becomes covered lightly with oxide. 


Industrial Uses 


The production of primary magnesium in 
the United States increased from 6,261 short 
tons in 1940 to 183,584 short tons in 1943, 
but it only amounted to 93,075 short tons in 
1953. Practically the entire production of 
magnesium from the early part of 1941 was 
earmarked for the war effort. In Texas, dur- 
ing World War II, two plants for the elec- 
trolytic production of magnesium metal ex- 
tracted magnesium from sea water. Plants 
which are located in Michigan used mag- 
nesium chloride from well brines, while in 
Nevada an extensive deposit of magnesite 
was the source of material used in a large 
electrolytic plant in Las Vegas. In several 
other plants, dolomite served as raw mate- 
rial for magnesium production. The most 
important uses in 1945 were for aircraft 
structural parts, for rocket launchers, in 
automobiles and trucks, textile machinery,’ 
oil field equipment, automatic tools, sport- 
Ing goods, household appliances, railroad 
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equipment, and home construction. There 
is a demand for magnesium compounds in 
the refractory field and in caustic-calcined 
magnesite. Magnesium is used in the manu- 
facture of flashlight powder, signal flares, 
and pyrotechnics. Industry finds extensive 
use for alloys such as Dow metal, a trade 
name applied to a series of alloys containing 
more than 85 per cent of magnesium. Cer- 
tain alloys combine high mechanical 
strength with lightness. Magnesium al- 
loyed with small amounts of other metals 
is increasingly used in sand castings, die and 
permanent mold types, and in extruded, 
rolled, and forged types. 


Toxicity 

Attention has been directed to peculiar 
cutaneous injuries resulting from magnesium 
alloys implanted in the skin as splinters, 
slivers, or turnings, and to metal dust which 
enters a cut or wound resulting, probably, 
from some other accident. Evolution of gas 
occurs and this is usually accompanied by 
local tissue necrosis and occasionally gan- 
grene limited to the locality of the gas tumor 
(1, 2). Investigation of tissue reaction to 
magnesium by McCord, Prendergast, Meek, 
and Harrold (1942) has shown that macro- 
scopic gas tumors may be induced by the 
subcutaneous implantation of particulate 
magnesium and high magnesium content al- 
loys. As little as 10 milligrams of powdered 
magnesium is capable of producing macro- 
scopic tumor masses (3,4). In puncture 
wounds caused by magnesium, the necessity 
of removing all the magnesium is apparent 
since this may lead to a more severe form of 
injury than the usual ordinary foreign body 
type. However, according to Gay (1942), 
magnesium and its alloys are—apart from 
their inflammable nature—among the most 
innocuous materials with which workmen 
come in contact. Gay reports that in his 
experience of 5 years in the magnesium in- 
dustry, which included experience with men 
with approximately 142 million work days, 
no time loss has occurred from injury from 
magnesium splinters (5). Finely divided 
metallic magnesium does not have the same 
effect upon the lungs that it exerts in the 
more dense subcutaneous tissue (Gardner). 


The absence of “gaseous tumor” formation 
is explained by the free communication of 
the pulmonary air spaces with the external 
air. Even if manufacturing processes per- 
mitted inhalation of an appreciable amount 
of magnesium dust, it is highly improbable 
that serious injury of the lungs would ensue 
(6). Magnesium oxide is one of the sub- 
stances which in freshly formed fume causes 
fume fever (7). Fire and explosion is an out- 
standing hazard in magnesium alloy fabri- 
cation plants and especially rigid precau- 
tions must be taken to safeguard workers 
engaged in processing these alloys (8, 9, 10). 
In addition, occupational health hazards 
may exist in magnesium alloy foundries 
from the presence of atmospheric contami- 
nants such as fluorides, sulfur dioxide, car- 
bon tetrachloride, and chromium compounds 
(11, 12, 13, 14). 


Analysis 


While the determination of magnesium 
itself in dust samples presents no great ana- 
lytical difficulty, the separation of magne- 
sium from interfering substances requires 
a considerable amount of care. Colorimetric 
methoas employing 8-hydroxyquinoline, 
titan yellow, alizarin, curcumin, and quin- 
alizarin have been proposed for the estima- 
tion of magnesium. Garner (15) has recently 
developed a colorimetric method for the de- 
termination of magnesium in blood or serum 
by means of titan yellow. After removal of 
proteins by trichloroacetic acid, magnesium 
hydroxide is precipitated in the presence of 
titan yellow. Gum ghatti is used as a stabi- 
lizing reagent. Recoveries of +0.05 milli- 
gram of magnesium in 100 milliliters of 
serum are obtainable by this method. Ac- 
cording to Averbach (16), the quantitative 
spectrographic analysis of magnesium alloys 
can be accomplished with an accuracy of 
+5 per cent of the contained magnesium. 
The most sensitive are spectral lines for 
magnesium are 2852.13, 2802.71, 2795.54, 
3096.92, and 5183.62. 
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MANGANESE 
Characteristics 


Manganese, Mn, has an atomic weight of 
54.93 and a density of 7.2. It melts at 1260° 
C. and boils at 1900° C. The pure metal is 
reddish gray and relatively soft, compared 
to iron. However, if it contains carbon it is 
very hard and brittle. The metal tarnishes 
readily in moist air, especially if it contains 
the carbide, Mn3C, which evolves methane 
and hydrogen with water. Manganese read- 
ily combines with carbon, sulfur, and chlo- 
rine; it dissolves in acids forming man- 
ganous salts with the evolution of hydrogen. 


Industrial Uses 


The consumption of manganese ore in 
1953 amounted to 3,430,095 tons and of this 
amount 90 per cent was of foreign origin. 
Although some manganese is used in both 
the ferrous and nonferrous metallurgical in- 
dustries, the bulk is consumed in the manu- 
facture of iron and steel. Manganese is con- 
sidered to be an especially good deoxidizing 
and desulfurizing agent for steel, this prop- 
erty depending, in part, upon the very slight 
solubility of the manganese oxide and sul- 
fide in molten iron. Steel containing 12 per 
cent of manganese is hard and tough and 
very resistant to shock. Manganese is used 
in the manufacture of dry cells, in photog- 
raphy, in the manufacture of organic chemi- 
cals, in fertilizers, in coloring agents for 
paints and ceramics, and for bleaching glass. 
The important compounds of manganese are 
the oxide, MnO; the dioxide, MnO; chlo- 
ride, MnCl.; sulfate, MnSO,; and potas- 
sium permanganate, KMnO,. Manganese 
dioxide and various manganese salts are 
added as driers to linseed and other oils. 
Manganese chloride is used in dyeing; the 
sulfate is used in calico printing, and man- 
ganates or permanganates are used for pre- 
serving wood, for bleaching textile fibers, 
and for disinfecting and oxidizing purposes, 
Toxicity 

Industrial manganese poisoning occurs 
through absorption from the respiratory 
system following the inhalation of manga- 
nese ore dust or fumes from metallurgical 
processes—particularly the manufacture of 
manganese alloy steel. The possibility of 
poisoning through ingestion of manganese is 
slight. The mining of pyrolusite, grinding, 
sorting, and loading manganese ores have al] 
contributed cases of manganese poisoning. 
Manganese is toxic to the respiratory epi- 
thelium and exerts a specific chemical ac- 
tion, which in mice results in an intense 
mononuclear proliferation and infiltration 
of the lung tissues and, as the action of the 
manganese proceeds, in cellular death and 
necrosis (1). Exposure to Manganese-con- 
taining dust for as short a peried of time 
as 3 months may be sufficient to cause symp- 
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toms of manganese poisoning, but there is a 
wide difference in individual susceptibility. 
The early symptoms of poisoning include 
languor and sleepiness which precede a 
complaint of weakness in the legs. A stolid 
masklike appearance of the face sometimes 
develops. Marked emotional disturbances 
such as uncontrollable laughter or weeping 
occur and there is a peculiar stiffness of the 
muscles which results in a spastic gait with 
a tendency to fall on attempting to walk 
backward or forward (2, 3, 4). The signs 
and symptoms of chronic manganese poi- 
soning point to involvement of the basal 
ganglia of the brain. Well-established man- 
ganese poisoning cases, in general, fail to 
respond to treatment. Men exposed to the 
inhalation of manganese dust suffer a high 
pneumonia rate. Over the years 1938 to 1945, 
in one group, for instance, this averaged 26 
per thousand as compared with 0.73 per 
thousand in a control group (1). Van Bo- 
gaert and Dallemagne (5) have recently 
produced manganese poisoning in rhesus 
monkeys by inhalation of manganese held 
in suspension by means of an aerosol and 
have studied the symptoms of this disease 
and pathological changes produced. Early 
cases tend to recover or improve if the vic- 
tim is removed to a manganese-free environ- 
ment. The importance of early recognition of 
manganese poisoning is evident. Ten cases 
of occupational manganese poisoning were 
reported by Dogan and Beritic (6) and the 
incidence of manganese poisoning in one 
mine over a 3-year period was reported by 
Ueberall (7) as 14.8 per cent. Prevention 
can be accomplished by ventilation and by 
preventing the dispersal of the dust or 
fumes, by enclosed processes, by using me- 
chanical conveyors and local exhaust venti- 
lation. 


Analysis 


Although various organic reagents, such 
as benzidine, 8-hydroxyquinoline, and tan- 
nic acid, have been used for the determina- 
tion of manganese, it is doubtful if any of 
these surpass in delicacy and accuracy that 
of oxidizing the manganese to permanganic 
acid followed by colorimetric comparison 


with standards prepared under identical 
conditions. Either ammonium persulfate or 
potassium periodate may be used as the oxi- 
dizing substance, the latter being in many 
cases preferable. This method (8, 9, 10) in 
simplified form may be readily applied to 
the evaluation of the manganese content of 
atmospheric dust. Gates and Ellis (11) have 
developed a microcolorimetric method for 
the determination of manganese in bio- 
logical materials with 4,4’-tetramethyl- 
diaminotriphenylmethane. The method is 
sensitive from 0.02 to 0.5 microgram of man- 
ganese per 10 milliliters of solution. Dust 
counts and particle size determination by 
improved methods should also be made. 
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MERCURY 


Characteristics 


Mercury, Hg, is a silvery, mobile liquid 
at standard conditions of temperature and 
pressure. The atomic weight is 200.61, den- 
sity 13.6, freezing point —38.87° C., and 
boiling point 356.9° C. The metals more or 
less readily dissolve in or amalgamate with 
mercury, with the exception of iron and 
platinum. Mercury forms two series of salts, 
mercuric and mercurous. The mercurous ion 
is peculiar in that it is associated into the 
double ion, Hgs++, not only in solution but 
in its compounds in the solid and gaseous 
state. Mercury is constantly giving off vapor 
and in this manner contaminates the air. At 
20° C. the concentration of mercury in air 
saturated with mercury vapor is 1.84 parts 
per million, while at 40° C., the concentra- 
tion rises to 8.5 parts per million. The degree 
of atmospheric saturation with mercury va- 
por depends not only upon the temperature 
and pressure, however, but also upon the 
rate of air exchange and amount of surface 
exposed. 


Industrial Uses 


The consumption of mercury in the 
United States in 1953 was 100,114 flasks of 
76 pounds each. Of this amount, 9,408 were 
used in the electrical appartus field, 1,865 
in the pharmaceutical field, approximately 
4,500 were used in the manufacture of in- 
dustrial and control instruments, and 790 
as a catalyst (1). Other uses are in an anti- 
fouling paint, in the munitions industry, as 
a disinfectant in agriculture, in the prepara- 
tion of amalgams, and as a catalyst in chem- 
ical processes, It is estimated that there are 
80 distinct occupations with potential ex- 
posure to mercury and its compounds, and 
that in the United States in 1940 there were 
32,855 persons so exposed (2). Mercury 
poisoning has been reported among painters 
engaged in applying anti-fouling plastic 
paint (3), among men manufacturing ful- 
minate of mercury (4), in scientific labora- 
tories (5), in electrical apparatus produc- 
tion (6), and in the felt hat industry (7). 
An interesting and rapid development with 
reference to mercury is the commercial utili- 


zation of mercuric oxide in a new form of 
dry cell, which has important applications 
because of its long shelf life and supply of 
electrical energy in proportion to its size. 


Toxicity 

It is well known that mercury can be ab- 
sorbed either through the respiratory tract 
following the inhalation of vapor or finely 
divided dust, or through the skin, as well as 
through the alimentary tract. The clinical 
picture of mercury poisoning varies with the 
nature of contact and the type of mercury 
compound. The most prominent symptoms 
of chronic mercury poisoning are the psychic 
disturbance known as erethism (a peculiar 
form of timidity), tremor (most character- 
istic symptom though seldom the first to ap- 
pear), pallor, and stomatitis, which mani- 
fests itself by salivation and tenderness of 
the gums. Acute mercurial poisoning rarely 
arises in industry and usually results from 
the ingestion of mercurial salts either by 
accident or with suicidal intent. Soluble 
mercurial salts are violent corrosive poisons 
and are noticably nephrotic. Brigatti and 
Baldi (8), following the examination of 
blood of 88 workmen in different stages of 
mercurial poisoning, state that true mercur- 
ial anemia does not exist. In 1946 Buckell 
and his associates (9), after examination of 
72 men in a workshop where thermometers 
were being made and 11 men in a chemical 
works making mercurial compounds, re- 
ported that mass observation in these works 
suggests that most of the workers were suf- 
fering from mild degrees of mercury poison- 
ing, but that the symptoms were not such as 
to produce any disability in the men or any 
inability to work. Since atmosphere and 
urine estimations showed that thermometer 
workers were excreting more mercury than 
could possibly be absorbed from the atmos- 
phere, absorption of metallic mercury 
through the skin, or by ingestion through 
the alimentary canal was considered. A se- 
rious outbreak of mercury poisoning in a 
felt hat factory in Italy in which more than 
100 employees were poisoned (Vigliani and 
Baldi, 10) was finally curbed by the institu- 
tion of proper physical and medical controls 
and with no further cases of poisoning. The 
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use-of new carroting agents in the felt hat 
industry in the United States is eliminating 
the use of mercury nitrate in the treatment 
of fur. During the period from 1939 to 1944 
a considerable number of cases of acute and 
chronic mercurialism were found in plants 
where mercury was used in the heat treat- 
ment of tungsten-molybdenum wire and rod 
necessary for electrical contacts and fila- 
ments (11). The manufacture of organic 
mercury compounds and their utilization as 
fungicides or for the treatment of seeds has 
posed new problems with reference to mer- 
cury poisoning. Hunter (12) records several 
cases of mercury poisoning arising from 
this source. Two deaths of office workers in 
a warehouse where diethyl mercury phos- 
phate was stored were reported in 1943 (13). 
The atmospheric content of mercury at the 
breathing level in the office was found to be 
2.7 milligrams per cubic foot of air. 

Air containing more than 1 milligram of 
mercury in 10 cubic meters of air is injurious 
to health if breathed for long periods of time. 
In underground mining operations where the 
ore is associated with free mercury, the 
problem of controlling mercury vapor is im- 
portant (14,.15). In the California Mine 
Safety Orders it is required that sufficient 
pure air be circulated to provide 100 cubic 
feet per minute for each man and 500 cubic 
feet per minute for each animal. The limit 
above which a hazardous exposure is felt 
to exist is reached when the urinary excre- 
tion of mercury rises to 0.25 milligram mer- 
cury per liter of urine (16). Stock (17) es- 
timates the normal daily urinary excretion 
of mercury to be 0.1 to 1.0 microgram and 
states that this may rise to several milli- 
grams in persons with amalgam dental fill- 
ings or who are in industrial contact with 
mercury. 


Analysis 

Pioneer work by Nordlander in the de- 
velopment of a practical method for meas- 
uring atmospheric contamination with mer- 
cury resulted in a method which is based 
on the intensity of the stain obtained when 
mercury vapor is passed over selenium sul- 
fide paper (18). Woodson later developed a 
portable detector which utilizes the selec- 


tive absorption of ultraviolet at 2537A by 
mercury vapor. It has calibrated range of 
0.5 to 0.005 part per million (19). An elec- 
tronic detector for instantaneously deter- 
mining the concentration of mercury vapor 
has also been developed which measures con- 
centrations as high as 1 part in 3 million 
parts of air and as low as 1 part in 200 mil- 
lion parts with an accuracy of approxi- 
mately 5 per cent (20). Barnes’ method for 
the determination of mercury dust in air 
sampled by the impinger method permits 
the separate evaluation of mercuric dust 
from that of mercury vapor in the atmos- 
phere (21). For the determination of urinary 
mercury, Storlazzi and Elkins obtained ex- 
cellent results by using a modification of 
Stock’s method with electrode-deposition of 
the mercury direct from the oxidized urine 
(6). To determine mercury in biologic prod- 
ucts that had been preserved with phenyl 
mercuric acetate, merthiolate or other or- 
ganic mercury compounds, Eckert has de- 
veloped a method whereby the mercury is 
determined by means of dithizone (22). 
Milton and Hoskins (23) have recently 
developed a chemical method for the deter- 
mination of urinary mercury, and a method 
using radioactive mercury of atomic weight 
197 as a tracer substance has also been 
proposed (24). Using this technique, it has 
been possible to detect 10° grams of mer- 
cury. The reaction of potassium ferrocya- 
nide with nitrosobenzene, which is cata- 
lysed by small concentrations of mercuric 
ion, has been applied to the determination 
of minute amounts of mercury (25). The 
concentration of the violet-colored reaction 
product at a fixed reaction time depends 
upon the amount of mercuric ion present 
in the solution. Sensitive are lines for the 
spectrographic determination of mercury 
are 3663.3, 3654.8, 3125.6, 2967.3, and 
2536.5. The most sensitive are spectral line 
for mercury is 2536.52. 
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MICA 
Characteristics 


The micas commonly occur as rock con- 
stituents. Chemically, they are complex alu- 
minum silicates combined with either an 
alkali metal, such as potassium, or with 
magnesium, ferrous iron, and, in some va- 
rieties, lithium, sodium, and ferric iron. 
More rarely, they may contain barium, 
chromium, manganese, titanium, and fluo- 
rine. They also contain water of constitu- 
tion. They crystallize in the monoclinic sys- 
tem, but are pseudohexagonal, possess a 
highly perfect basal cleavage, and are char- 
acterized by very strong birefringence. The 
more common micas are muscovite, 
H2KAlI3(Si04)3; biotite, (H,K)2 (Mg,Fe)>» 
Al2(SiO4)3; phlogopite, H3KM g3Al(Si04) 3; 
and lepidolite, or lithia mica, LiKAlo(OH : 
F)2(SiO4)s. 

Muscovite is transparent and colorless in 
thin sheets and is distinguished by its highly 
perfect cleavage and light color. Owing to 
its transparency and heat resistance, it is 
sometimes used in stove doors and is then 
often incorrectly termed isinglass (a fish 
glue). This mica is not decomposed by sul- 
furic acid and thus differs from phlogopite 
and does not give the crimson flame which 
characterizes lepidolite. It occurs in pegma- 
tite dikes and is found lining cavities in 
granites. It is also very common in such 
metamorphic rocks as schist and gneiss. A 
variety of muscovite, known as sericite, oc- 
curs as minute shreds or in very thin veins 
and is a secondary mineral formed by hy- 
drothermal alteration of silicates, such as the 
feldspars. 

Biotite commonly occurs in irregular, 
foliated masses. It is usually brown to black, 
or dark green in color, and even in thin 
sheets has a smoky color in contrast with 
muscovite. It is widely distributed, occur- 
ring in igneous rocks such as granite or sye- 
nite, and is sometimes found in pegmatite 
veins in large sheets. It is not attacked by 
hydrochloric acid but is decomposed by 
boiling, concentrated sulfuric acid. 

Phlogopite is distinguished from biotite 
by its lighter color, weaker absorption, and 
its decomposition in sulfuric acid. It is, how- 
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ever, difficult to differentiate sharply from 
muscovite. It occurs as a metamorphic prod- 
uct in crystalline magnesium limestones and 
is rarely found in igneous rocks. Lepidolite 
is a comparatively rare mineral and is chiefly 
of interest as a source of lithium. 


Industrial Uses 


Mica is used in the electrical industries in 
the form of sheets, washers, tubes and plates, 
and in a great variety of devices, as in the 
commutators of d.c. motors and dynamos. 
For any insulating purpose, as in conden- 
sers, and for mounting resistance of elec- 
trical heating apparatus, mica can be used. 
As a transparent material, it is used for 
stove fronts, furnace peepholes, lamp chim- 
neys, and in warship conning towers. Mica 
splittings are used in the manufacture of 
built-up mica products, such as commutator 
plates, mica cloth, and paper. Scrap mica 
is used in the manufacture of wallpapers to 
give them a shiny luster, as a lubricant when 
mixed with oils, as a fireproofing material, 
and as a nonconductor of heat. In the United 
States in 1951, 17,500,000 pounds of sheet, 
punch, and mica splittings were used. The 
total output of ground mica in 1951 was 
70,122 short tons, of which the roofing in- 
dustry consumed a major part of the dry- 
ground mica, and the paint, rubber, wall- 
paper, and lubricant industries most of the 
wet-ground product. 


Mica Pneumoconiosis 


Although quartz, or silicon dioxide, is well 
recognized as the etiological factor in pro- 
ducing pneumoconiosis, it was held for some 
time that silicates were blameless in this re- 
gard. However, a type of pneumoconiosis 
has been found to occur among workers 
whose only exposure was to mica dust. The 
U. S. Public Health Service (1), in an ex- 
amination of 57 men exposed to dust gener- 
ated by grinding hand-sorted mica which 
was practically free from free silica, found 
10 cases of pneumoconiosis. X-ray exami- 
nation of 456 men, with more than half of 
their industrial exposure in the mica field, 
revealed dust pathology of 9.4 per cent or 
almost double that in the comparable group 
with no mica exposure (2). Vestal and his 


associates (2) also found dust pathology of 
11.4 per cent of an additional 79 workers en- 
gaged in handling “clean” mica (mica con- 
taining no free silica). Policard (3), further- 
more, found that the inhalation of mica dust 
causes pathological changes in the lungs 
identical to those produced by the inhalation 
of silica dust. Ramaswamy and his asso- 
ciates (4) found some degree of nodular for- 
mation in the lungs of guinea pigs following 
the intratracheal injection of mica dust. 


Identification 


The identification of the mica group is 
not difficult owing to the distinctive proper- 
ties of these substances. The characteristic 
very perfect cleavage in one direction (001), 
as well as the strong birefringence, are use- 
ful in gross identification. Birefringence is 
particularly marked on microscopic exami- 
nation. The extinction angles are very small 
or practically zero. As stated above, the 
micas are pseudchexagonal monoclinic. 
They may be divided into two classes, in 
one of which muscovite and lepidolite have 
the optic axial plane normal to (010) and the 
other parallel. Biotite and phlogopite be- 
long to the latter group. All the micas are 
optically negative. The refractive index of 
muscovite, which is 1.58, affords no striking 
relief but is still evidently much different 
from Canada balsam. The polarization col- 
ors of muscovite are bright pinks and greens 
and are usually sufficiently distinctive to 
distinguish this mineral. In the case of bio- 
tite, however, the polarization colors are fre- 
quently obscured by the absorption color. 
Talc, which is also probably monoclinic, 
appears very much like muscovite under the 
microscope but has a slightly lower refrac- 
tive index and a little higher birefringence. 
Mica-quartz particles occasionally appear, 
but the two minerals may be distinguished 
by their slight difference of refractive index 
when tested by the Becke line method (mica 
has the higher value). Furthermore, the 
mica portion will usually show a partial, if 
not a complete interference figure. If the 
colored ring birefringence of quartz is ap- 
parent, this property will contrast with the 
pale gray-blue or gray-yellow color of the 
mica. The vitreous luster of the quartz and 
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the pearly luster of the mica usually are 
sharply contrasted under reflected light. It 
may be somewhat difficult to distinguish the 
various micas microscopically in the exami- 
nation of some dusts and it is usually quite 
sufficient to designate them merely as “dark” 
mica or “light” mica. 


REFERENCES 


1. Dreessen, W., DallaValle, J. M., Edwards, T. I., 
Sayers, R. R., Easom, H. F., and Trice, M. f.: 
Pneumoconiosis among mica and pegmatite 
workers. U. S. Public Health Service, Public 
Health Bull. No. 250 (1940). 

2. Vestal, T. F., Winstead, J. A., and Joliet, P. V.: 
Pneumoconiosis among mica and pegmatite 
workers. Ind. Med. 12: 11 (1943). 

3. Policard, A.: The action of mica dust on pul- 
monary tissue. J. Ind. Hyg. 16: 160 (1934). 

4. Ramaswamy, A. S., Venkatesh, D. S., and Rao, 
R. R.: The nature of lesions caused by asbes- 
tos and mica in experimental pheumoconiosis 
in guinea pigs. J. Indian Inst. Sci. 36: 319 
(1953). 


MOLYBDENUM 


Characteristics 


Molybdenum, Mo, has an atomic weight 
95.95, a density of 10.2, and melts at 2620° 
C. It closely resembles steel in color, is as 
hard as common iron, and is ductile, tough, 
and malleable. It is not oxidized easily by 
air or water at ordinary temperatures. When 
heated above 600° C., it oxidizes rather 
readily, yielding white molybdenum tri- 
oxide, MoO3. The metal dissolves in nitric 
acid as well as in aqua regia and in concen- 
trated sulfuric acid. The oxides MoO, Mo.0s, 
and MoOs, are basic anhydrides while MoO; 
is an acid anhydride. Molybdic oxide, MoOs, 
is only very slightly soluble in water, but 
dissolves readily in alkalies and in ammonia, 
forming molybdates, Molybdenum alloys 
have become noted for ability to resist 
abrasion, lack of failure due to fatigue, re- 
tention of these physical properties even at 
relatively high temperatures, and resistance 
to corrosion. The benefits of molybdenum as 
an alloy addition are due to true alloying 
effects rather than to clearing or deoxidizing 
action, which is an important function of 
some alloy elements (1). 


Industrial Uses 


Molybdenum finds its principal use as an 
alloying element in the iron and steel indus- 


try. Smaller amounts are employed in pig- 
ments and colors, electrical equipment, litho- 
graphing and printing inks, welding rod 
coatings, and in miscellaneous chemical 
products. The consumption of molybdenum 
in the United States rose to a maximum 
value of 45,644,000 pounds in 1942 but 
dropped to 26,929,000 pounds in 1945. The 
molybdenum in high speed steels may 
amount to as much as 9 per cent, while the 
molybdentm content of engineering steels 
does not often exceed 0.3 per cent. Molybdic 
oxide and cobalt molybdate are both cata- 
lysts. Molybdenum resistance wire has been 
found to be especially valuable in hydrogen 
furnaces owing to its high melting point. 


Toxicity 

Molybdenum is recognized as having some 
biological importance for the normal growth 
and development of certain forms of plant 
life and has been found to be a normal con- 
stituent in minute amounts in tissues and 
excretions (2, 3). Exposure in industry oc- 
curs in certain dusty operations, such as 
crushing and milling molybdenum ore, heat- 
ing and rabbling the ore to form calcium 
molybdate (the form in which it is added to 
the charge in steel blast furnaces), and in 
rolling red hot billets of molybdenum steel 
which give off fumes of molybdenum oxide 
owing to superficial oxidation. A compre- 
hensive study with particular reference to 
the possible injurious effect of inhalation of 
the dust of molybdenum compounds, includ- 
ing also molybdic oxide fume, reported by 
Fairhall and his associates (4) indicates that 
the order of toxicity is low both from the 
point of view of observed clinica] effects and 
from the histopathologic point of view. The 
inhalation by animals of the dust of molyb- 
denum trioxide, calcium molybdate dust, or 
molybdenum trioxide fume at an average 
concentration of approximately 5 milligrams 
of molybdenum per cubic foot of air proved 
injurious. No fatalities occurred in animals 
subjected to molybdic oxide fume for 25 
1-hour exposures at an average concentra- 
tion of 1.5 milligrams per cubic foot of air 
and only one fatality in 24 1-hour exposures 
to molybdenite dust at an average concen- 
tration of 8.1 milligrams of molybdenum per 
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cubic foot of air. Analyses of the tissues of 
animals variously exposed to molybdenum 
compounds indicate that the greatest stor- 
age occurs in the kidneys and bones. Storage, 
however, is of a transient nature in any of 
the tissues. Both the absorption and the ex- 
cretion of molybdenum are rapid. Experi- 
ments with the sodium salts of hexavalent 
chromium, tungsten, and molybdenum have 
shown that sodium molybdate is less toxic 
following intraperitoneal injection than ei- 
ther sodium chromate or sodium tungstate 
in equivalent concentrations. While molyb- 
denum is less toxic in general than several 
other metals of industrial importance, it is 
suggested that suitable protection should be 
insured against the inhalation of any con- 
siderable amount of the more soluble molyb- 
denum compounds. In the above experi- 
mental study, a useful means of estimation 
of the extent of absorption of molybdenum 
was found to be indicated by examination 
of the blood or urine for its molybdenum 
content. No toxic effects in workers exposed 
to the dust and fumes of molybdenum and 
its common compounds have been reported. 


Analysis 


By far the most useful colorimetric 
method for the determination of small 
amounts of molybdenum is that involving 
the estimation of reduced molybdenum. An 
orange-red color is formed with thiocyanates 
in acid solution (4, p. 8). Elements of toxi- 
cological importance do not interfere with 
this determination. The concentration of 
relatively large air samples of molybdenum 
may be determined by converting the sam- 
pled molybdenum to molybdenum trioxide, 
-dissolving it in sulfuric acid, reducing it in 
a Jones reductor, and titrating with stand- 
ard potassium permanganate solution. Sen- 
sitive are spectral lines for molybdenum are 
3902.96, 3864.12, and 3798.26. 
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NICKEL 


Characteristics 


Nickel, Ni, atomic weight 58.69, melting 
point 1452° C., boiling point 2730° C., den- 
sity 8.9, is a hard, silver-white metal which 
takes a high polish. Nickel is divalent in 
most of its compounds. No trivalent nickel 
salts are known and the trivalent hydroxide 
occasionally mentioned in the literature ap- 
pears to be in reality the dioxide. The metal 
is malleable, ductile, and very tenacious, 
harder than iron and does not oxidize in dry 
or moist air at ordinary temperatures. It 
forms an unusually large number of alloys 
of technical- importance. 

Nickel carbonyl, Ni(CO),4, is a heavy, 
colorless, volatile liquid formed when car- 
bon monoxide gas passes over finely divided 
nickel. The reaction of formation is a revers- 
ible one, the gas dissociating into carbon 
monoxide and nickel under varying condi- 
tions of temperature, pressure, and humid- 
ity. This reaction forms the basis of the 
Mond process for the refining of pure nickel. 
Nickel carbonyl has a specific gravity of 
1.3185, a melting point —25°C., a boiling 
point 43° C., and at 60° C., it decomposes 
with explosion. The vapor burns in the air 
with a very sooty flame. Nickel carbony! is 
soluble in alcohol and in concentrated nitric 
acid but is insoluble in water. It gives off a 
peculiar odor which is perceptible when the 
air contains 1 part of nickel carbonyl in 2 
million parts of air. The carbonyls are highly 
toxic both when injected into the body in the 
form of liquid and when inhaled as a gas. 


Industrial Uses 


A large proportion of the 172,832,432 
pounds of nickel consumed in the United 
States in 1951 entered into the composition 
of nickel steel and half the remaining amount 
into other alloys. In addition to its exten- 
sive use in stainless steels, nickel is used for 
the electrolytic coating of other metals, for 
acid-resisting alloys, for chemical and elec- 
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trical apparatus, for surgical and dental in- 
struments, as a catalyst in the hydrogena- 
tion of fats and oils, and in the manufacture 
of nickel salts. A certain amount of nickel 
is used in the cemented carbide tool and die 
industry and in the production of the new 
magnetic alloy “Alnico”. 


Toxicity 

The hygienic significance of nickel with 
reference to industry has been wholly re- 
lated to poisoning from nickel carbonyl or 
to dermatitis produced in individuals sensi- 
tive to nickel. The toxic effects of nickel 
carbonyl are stated by Amor (1) to be at 
least five times as great as those of carbon 
monoxide. Armit (2), however, states that 
180 parts per.million will kill animals after 
1 hour of exposure, indicating that it is 10 
times as toxic as carbon monoxide. He at- 
tributes the peculiar toxicity of nickel car- 
bony] to deposition of nickel in an extremely 
fine state of subdivision over the surface of 
the lungs causing irritation, congestion, and 
edema. The symptoms of giddiness, dyspnea, 
nausea, vomiting, and cough which appear 
immediately after inhalation of the gas dis- 
appear rapidly upon removal from its pres- 
ence. There is no permanent disability in 
these cases and the affected workman is dis- 
abled only for a short time. However, fol- 
lowing exposure to greater concentrations, 
retrosternal soreness, inability to take a deep 
breath, and a dry ineffective cough and 
dyspnea develop after a latent period of 12 
to 18 hours (1). The depth of cyanosis of the 
lips and ears is a direct indication of the seri- 
ousness of the case. When the degree of as- 
phyxia is severe, the immediate treatment 
should be that of carbon monoxide poisoning 
and requires continuous oxygen inhalation. 
The pathology of this condition has been dis- 
cussed by Bayer (3). The toxic effect of 
nickel carbonyl has long been recognized 
and, as the Mond process is an important 
means of separation and purification of 
nickel owing to the ease of preparation and 
volatility of this substance, effective control 
measures for nickel carbonyl have been in- 
troduced in industry (4). The metabolism 
of nickel has been investigated by Wase and 
his associates (5) using the tracer element 


Ni®, It was found that when the Ni® ion is 
administered it is widely distributed 
throughout the tissues and organs of the 
mouse and is rapidly metabolized by the 
principal tissues, excepting the lungs and 
brain. Elimination in the urine and feces 
occurs shortly after administration. 
Dermatitis is reported in many industries 
in which nickel or its salts are used. Cases 
have also been reported among persons who 
come in contact with such nickel articles as 
spectacle frames (6), wrist watches, and 
suspender buckles. Dermatitis from nickel 


is a sensitization dermatitis, the worker be- 


coming sensitized by industrial exposure (7). 
A considerable percentage of those who be- 
come sensitized become hardened or desen- 
sitized after recovery from the dermatitis. 
In those cases in which an hypersensitivity 
to nickel exists, and the person does not be- 
come “hardened” by further contact, the 
condition is ameliorated by removal from 
contact with the metal or its compounds (6). 


Analysis 


The detection and identification of nickel 
is conveniently made with the reagent di- 
methylglyoxime which is specific and rather 
delicate. a-Benzil dioxime is somewhat more 
sensitive, and other reagents, such as cyclo- 
hexanedione dioxime and a-furil dioxime, 
are also useful. Dimethylglyoxime and 
a-benzil dioxime, although very sensitive 
reagents for the detection of nickel in traces, 
are not suitable for the colorimetric deter- 
mination of this substance, since they form 
a microcrystalline precipitate and not a true 
colored solution. The di-thio-oxalate method 
developed by Fairhall (8) yields a true col- 
ored solution and is especially convenient 
and accurate for the colorimetric estimation 
of minute amounts of nickel. Nickel in 
amounts of 1 milligram may be determined 
with an average accuracy of 0.02 milligram 
by this method. Sensitive arc spectral lines 
for nickel are 3414.77, 3524.54, 3446.26, and 
3515.06. 
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NITRIC ACID 


Characteristics 


Nitric acid, hydrogen nitrate, aqua fortis, 
HNOs, is a clear, colorless, fuming corrosive 
liquid with a characteristic odor. On expo- 
sure to light in partly filled bottles it becomes 
yellowish, due to the formation of oxides of 
nitrogen. The acid reacts with many metals, 
giving off brownish-red fumes, is miscible 
with water in all proportions, and decom- 
poses alcohol violently. Anhydrous nitric 
acid is a clear, colorless liquid of specific 
gravity 1.53, melting point —41.3°C., and 
boiling point 86° C. It may be prepared by 
the distillation of a mixture of sulfuric acid 
and sodium nitrate, by the catalytic oxida- 
tion of ammonia, or by the direct fixation 
of atmospheric nitrogen. The ordinary rea- 
gent grade of nitric acid is 68 to 70 per cent 
hydrogen nitrate. Red fuming nitric acid 
contains 87 to 92 per cent hydrogen nitrate 
and dissolved oxides of nitrogen. 


Industrial Uses 


The uses: of nitric acid in industry are 
legion. It is of especial importance in or- 
ganic synthesis, in the manufacture of ex- 
plosives, celluloid, and nitrates, in metal- 
lurgy, and in photoengraving, to mention 
but a few of the more outstanding uses. The 
amount of nitric acid produced in the United 
States in 1953 was 1,764,362 short tons, far 
exceeding that in 1945 which amounted to 
only 447,088 short tons. 


Toxicity 

Concentrated nitric acid is corrosive and 
destroys tissues by direct chemical action. 
In contact with proteins, it forms xantho- 
proteic acid. It stains the skin and tissues a 
bright yellow or yellowish-brown, which 
serves to distinguish it from most other acids. 
The dilute acid produces a mild irritation 
and tends to harden the epithelium without 
destroying it. Continued exposure to the 
vapor of nitric acid may bring about a 
chronic bronchitis and more severe exposure 
may cause a chemical pneumonitis. Treiger 
(1), in reporting a fatal case of “nitric acid 
fume pneumonia”, states that even though 
the pulmonary edema, cardiac failure, and 
broncho-pneumonia are controlled, death 
results because of pulmonary “fibrosis”. The 
prognosis depends directly upon the concen- 
tration of fumes and the duration of expo- 
sure. Taeger (2) found that the inhalation 
of nitric acid fumes not only causes bron- 
chial irritation, but may also have an un- 
favorable influence on preexistent tubercu- 
losis. The vapors of nitric acid attack the 
teeth, especially the more exposed front 
teeth. Long-continued exposure may result 
in necrosis which spreads to the jaw. The 
problem of dental erosion in workers exposed 
to inorganic acid fumes has recently been 
discussed by Lynch and Bell (3), who found 
clear evidence of erosion of the incisor teeth 
in 45 of 126 workers exposed to fume in the 
nitration of cotton. While no maximum al- 
lowable concentration value has been estab- 
lished for nitric acid fume, it is suggested 
that the amount permitted in workshops 
should not exceed 10 parts per million of 
air. 
Analysis 

Nitric acid vapor may be absorbed in 
fritted glass bubblers using dilute alkali as 
the absorption medium and the nitrate con- 
tent evaluated by any one of several colori- 
metric methods, such as the sodium di- 
phenylamine sulfonate procedure (4), the 
phenoldisulfonic acid method (5), or the 
1:3-xylen-4-o0l method (6). 
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NITROGEN OXIDES 


The common oxides of nitrogen are nitrous 
oxide N.O, nitric oxide (NO), and two 
forms of the dioxide (NO2 and N2O,). In 
addition, there are the trioxide, N2O3, and 
the pentoxide, N2O5, which is the anhydride 
of nitric acid. At ordinary temperatures, the 
trioxide and pentoxide decompose, and on 
contact with air, they react in such a way 
that the principal product is a mixture of 
NO2 and N2O,. 


Nitrous Oxide 


Nitrous oxide or nitrogen monoxide is a 
colorless gas, having a slight characteristic 
odor. Its specific gravity is 1.530 (air = 1). 
It is not inflammable but it supports the 
combustion of many substances almost as 
well as oxygen. It is readily soluble in water 
at low temperatures. The gas may be lique- 
fied to a thin, mobile, colorless liquid, boiling 
at —88.5° C. Metals do not rust in nitrous 
oxide. Nitrous oxide has no irritating action 
and is used extensively as an anesthetic for 
minor surgical operations and dental extrac- 
tions. Its anesthetic action is rather weak 
and appears only when the gas is inhaled in 
high concentration. When inhaled without 
oxygen, nitrous oxide is a simple asphyxiant. 
Inhaled in small amounts, it often produces 
a type of hysteria, hence its common name, 
“laughing gas”. Commercially, it is formed 
by the decomposition of ammonium nitrate 
into nitrous oxide and water and is then com- 
pressed in steel cylinders under a pressure of 
about 100 atmospheres. Production of ni- 
trous oxide in the United States in 1944 
amounted to 139,760,000 gallons, S.T.P. (1); 


. Nitric Oxide 

Nitric oxide (NO) resembles nitrogen and 
oxygen in physical properties. At ordinary 
temperatures, nitric oxide reacts with oxy- 
gen or air to form brown nitrogen dioxide; 
but the equilibrium is reversed at higher 
temperatures: 2NO + Oo = 2NOsz. The den- 
sity of nitric oxide is 1.0366 (air = 1), the 
melting point is —160° C., and the boiling 
point is —153° C. It is slightly soluble in 
water, 1.e., 4.7 volumes per 100 volumes of 
water at 20° C. at one atmosphere pressure. 
Nitric oxide in large concentrations in moist 
atmospheric air is converted into the dioxide. 


Nitrogen Dioxide 


Nitrogen dioxide, NO (and its dimer ni- 
trogen tetroxide, N2O,4) is a white crystal- 
line solid below —10° C. Between this tem- 
perature and 21.64° C. it is a liquid, nearly 
colorless at —9° C., yellow at 0°C., and at 
21.64° C., it is an orange gas becoming red- 
dish-brown as the temperature rises. Within 
the temperature range of 150° to 620° C., 
the gas becomes colorless owing to dissocia- 
tion into nitric oxide and oxygen. This gas 
is responsible for the yellowish-brown color 
usually associated with the oxides of nitro- 
gen in air. 


Toxicity 


In whatever molecular form nitrogen di- 
oxide is inhaled, it is at once changed to that 
corresponding to body temperature. At 
40° C., approximately 30 per cent of the 
dioxide is in the form NOs» and 70 per cent is 
N2Ox. It is in this proportion that the gases 
act upon the respiratory tract (2). Nitrogen 
dioxide in the form of N20, reacts with wa- 
ter to produce nitric and nitrous acids. The 
dioxide in the form of NOs reacts with water 
and oxygen from the air to produce nitric 
acid and nitric oxide. These acids react with 
the alkali salts in the tissues of the respira- 
tory tract forming nitrates and nitrites and 
in so doing have an irritating action. The 
nitrates formed have no particular effect, 
but the nitrites when absorbed exert a sys- 
temic action. This action does not, however, 
play an important part in poisoning by ni- 
trous fumes for the irritation of the respira- 
tory tract is so intense that it obscures the 
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systemic effect (3). In man, frequently ex- 
posed to low concentrations of nitrous fumes, 
habituation to sodium nitrite is rapidly ac- 
quired and prevents the development of sys- 
temic effects. The first effect of higher con- 
centrations of the gas may be only that of 
bronchial irritation. Later the patient may 
complain of dizziness, headache, and ex- 
treme weakness. Several hours after expo- 
sure, difficulty in breathing is noted and the 
patient is “drowned” in his own exudate. The 
lungs become markedly edematous, death 
may occur within 24 hours or be delayed for 
several days (3). Because of its insidious 
action, it is necessary that anyone who has 
inhaled a considerable amount of this gas 
should be removed at once to a hospital for 
immediate treatment. Fleming (4), in dis- 
cussing the treatment which can be used dur- 
ing the “symptom-free” interval to prevent 
development of*serious pulmonary edema, 
reiterates that these patients are suffering 
from a lack of oxygen, and if this deficiency 
is supplied, circulation will be maintained 
and no other medication will be needed. The 
patient surviving the initial pulmonary 
edema may develop pneumonia, bronchiec- 
tasis, or emphysema as sequelae. Methemo- 
globinemia may also occur. Nitrogen dioxide 
is recognized as a potential health hazard 
in welding operations. The rapid oxidation 
of the nitric oxide produced in the electric 
arc to the dioxide is usually assumed. Elkins 
(5), however, after studying the kinetics of 
the action arrived at the opposite conclu- 
sion: that under the usual conditions most 
of the nitrogen “fixed” by the arc remains 
as nitric oxide for some time. In the rela- 
tively low concentration of fixed nitrogen 
present in welding fumes from the electric 
are, the predominant oxide present is there- 
fore NO. 

In a study of the health of are welders in 
steel ship construction made by the Indus- 
trial Hygiene Division of the United States 
Public Health Service (6), it was found that 
four-fifths of the 2,019 environmental air 
samples obtained contained less than 10 
parts per million of nitrogen oxides. Only 
1.8 per cent of the samples contained 25 parts 
per million or more. It was noted that weld- 
ers were found to have slightly lower blood 


pressure than workers who were not exposed 
to the welding environment and that the 
nitrites formed after absorption of nitrogen 
oxides might possibly be the cause of this 
minimal clinical effect. Tebbens and Drinker 
(7) found that 48,500 micrograms of nitro- 
gen oxide was the highest amount produced 
from one welding rod and from this figure, 
Viles (8) calculated that only 7.6 cubic feet 
of air per minute per welder is needed to 
maintain a concentration below 40 parts 
per million of nitrogen oxides. 

Gray and his associates (9) noted that 
amounts of nitrogen peroxide exceeding 8 
parts per million produce damage in rats 
and conclude that this concentration would 
cause injury to man. Experiments by Diggle 
and Gage (10) indicate that nitrogen pent- 
oxide gas is a lung irritant with a potency 
of the same order as phosgene. In contrast- 
ing experiments with rats using nitric acid 
vapor as high as 63 milligrams per cubic 
meter the conclusion was reached that the 
toxicity of nitrogen pentoxide is not due to 
the nitric acid formed, but that nitrogen 
pentoxide reacts directly with a constituent 
of the pulmonary tissue. 

Nitrous fumes occur in the manufacture 
of nitric acid and in the nitration of cellulose 
and other organic materials, as in the manu- 
facture of explosives, dyes, lacquers, and 
certain types of film and celluloid, in the 
bleaching of cotton and of raw silk, in the 
metal industry during etching with aqua 
regia, and also under certain conditions in 
electric arc welding as noted above. Acci- 
dents due to breakage of carboys and other 
containers of nitric acid are the most com- 
mon cause of fatal nitric oxide fume poison- 
ing. Exposure of workers to nitric oxide gases 
frequently occurs in pickling of metal (11), 
accidents in nitration, cleaning of tanks and 
towers, decomposition of artificial fertilizer, 
manufacture of sulfuric acid, and welding 
with an acetylene torch in enclosures, such 
as tanks and boilers. A death has recently 
been reported by Hatt (12) as a result of 
this latter type exposure. 


Analysis 


Mixtures of nitrous oxide, nitric oxide, and 
nitrogen may be determined in the presence 
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of one another by combustion with hydrogen 
or with carbon monoxide in a Drehschmidt 
capillary (13). Small amounts of the oxides 
of nitrogen occurring as an atmospheric con- 
taminant may be detected by strips of paper 
impregnated with Griess’ reagent (0.5 gram 
sulfanilic acid and 0.2 gram a-naphthyl- 
amine dissolved in 200 milliliters of water, 
with the addition of 150 milliliters of dilute 
acetic acid). This paper turns pink in the 
presence of oxides of nitrogen. An applica- 
tion of the Griess reagent method was made 
by Patty and Petty (14) and has recently 
been modified by Averell and his associates 
(15). Quantitative determination of the ox- 
ides of nitrogen as an aerial contaminant 
may be made by the phenoldisulfonic acid 
method of Piccard, Peterson, and Bitting 
(16) or the modification introduced by Har- 
rold, Meek, and McCord (17). A careful 
study of the phenoldisulfonic acid method 
has been made by Beatty and his associates 
(18). The method used by the U. S. Public 
Health Service in the measurement of oxides 
of nitrogen as an aerial contaminant in ship- 
welding was a modified version of the Bu- 
reau of Mines procedure (18). Flagg and 
Lobene (19) have devised a rapid method 
for the determination of nitrogen dioxide 
in air which consists in absorbing the oxide 
on silica gel and comparing the color formed 
by treating with diphenylamine with color 
standards. Saltzman (20) has recently de- 
veloped a new specific reagent (a mixture of 
sulfanilic acid, N-(1-naphthy]) -ethylenedi- 
amine dihydrochloride and acetic acid) with 
high sensitivity and with only slight inter- 
ference from ozone and other gases, even in 
tenfold excess. 
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OSMIUM 


Characteristics 


Osmium, Os, is a hard, bluish-white metal 
of the platinum group, having a density of 
22.48 and a melting point of 2700° C. It is 
insoluble in ordinary acids but is readily 
dissolved by fuming nitric acid, aqua regia, 
or fused sodium or barium nitrates. It is also 
attacked by hot fluorine or chlorine. Osmium 
is harder than glass and is very brittle. The 
tetroxide melts at 45° C. and boils at 100° C., 
yielding a poisonous vapor having a pro- 
nounced and nauseating odor. Osmium is 
the only element with a valence of 8 which 
forms definite compounds. 


Industrial Uses 


The amount of osmium imported into the 
United States for consumption in 1953 was 
583 troy ounces with a total of 1,401 troy 
ounces of new and secondary osmium re- 
covered by refineries in the United States. 
While the total amount consumed is small, 
osmium has a variety of useful applications. 
As a catalytic agent, it causes hydrogen and 
oxygen to explode at 40 to 50° C. Ammonia 
can be made with the catalytic aid of os- 
mium from nitrogen and hydrogen at 185 
atmospheres and at a temperature of 880° 
to 1000° C. Osmiridium (osmium-iridium), 
an exceptionally hard alloy with a high melt- 
ing point (2700° C.), is used extensively for 
tipping fountain-pen nibs. Osmium is also 
used for electrical contacts, for measuring 
the rapidity of explosion of gun-cotton, and 
occasionally as the filaments of incandescent 
lamps. Osmic acid is used as a fat stain in 
pathological laboratories. 


Toxicity 

Metallic osmium is innocuous, but os- 
mium tetroxide has long been recognized as 
dangerous because of its irritating effect. 
The restricted use of osmium has confined 
the number of individuals affected by its 
poisonous action to a relatively small group. 
One authentic fatal case reported by Ray- 
mond in 1874 resulted from the inhalation of 
osmium tetroxide which gave rise to a capil- 
lary bronchitis. A syndrome described by 
McLaughlin and his associates (1) caused 
by the fume of osmium tetroxide during the 


refining of osmiridium, consisted of vigorous 
irritation of the conjunctivae and the mu- 
cous membranes of the nose, throat, and 
bronchi, which is associated in some cases 
with frontal or orbital headache. The “halo 
around lights” was a characteristic symptom 
resulting from the irritation of the eyes. It 
was temporarily disabling in that the worker 
was unable to read for about 24 hours. The 
men engaged in refining osmiridium were ex- 
posed to osmium tetroxide in atmospheric 
concentrations as great as 640 micrograms 
per cubic meter. No chronic or cumulative 
effects were noted. The inhalation of osmium 
tetroxide fume by guinea pigs has been 
shown by Masturzo (2) to increase the 
erythrocyte count and to stimulate activity 
of the bone marrow during intoxication. 
While at one time asmium tetroxide was 
used in England for developing finger prints, 
because of the blackening action produced, 
this use has been discontinued because of 
cases of dermatitis resulting from this ap- 
plication. The pathological changes pro- 


duced in animals by exposure to osmium 


tetroxide have been recorded and discussed 
by Brunot (3). In short, the principal effects 
of exposure are those of ocular disturbances, 
an asthmatic condition on inhalation, and a 
dermatitis and ulceration on skin contact. 


Analysis 


The most recent method for determination 
of traces of osmium is that of Sandell (4), 
which depends upon distillation of the te- 
troxide and the colorimetric determination 
of osmium in the distillate by making use of 
the sensitive thiourea reaction of Chugaev. 
This method was used in the investigations 
of McLaughlin and his associates (1). 
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OZONE 


Characteristics 


Ozone, an allotropic form of oxygen, is an 
unstable combination (O3; = Oz + O) in 
which the liberated oxygen atom possesses 
great oxidizing power. It is a colorless to blue 
gas of peculiar odor. In high concentrations 
it has a characteristic chlorine or sulfur-di- 
oxide-like odor; in lower concentrations, the 
so-called “electrical odor’. Ozone has a spe- 
cific gravity of 1.62 (air = 1) and will con- 
dense at low temperautres to a blue-black 
liquid (boiling point —119° C.). The solu- 
bility of ozone in water has been stated to be 
20 milligrams of ozone per liter of water at 
0° C. Owing to its powerful oxidizing action, 
ozone has certain objectionable features, 
which include corrosion of metals, disin- 
tegration of-rubber, and the bleaching of 
dyes and colors. Ozone is prepared industri- 
ally by the exposure of air or oxygen to the 
discharge of high-tension electric currents. 


Industrial Uses 


Ozone is used industrially as an oxidizing 
agent, bactericide, for the production of per- 
‘oxides, and the bleaching of oils, fats, flour, 
starch, sugar, and textiles. It is finding im- 
portant application as a catalyst in oxida- 
tive reactions, and when mixed with oxygen 
often initiates chain reactions. Next to fluo- 
rine, ozone is the most active of oxidizing 
agents. Various other uses, some of which 
have been questioned, are to counteract 
odors in occupied rooms, to prevent carbon 
monoxide poisoning in garages, in water 
sterilization, and in the control of fungi and 
spores in cold storage rooms. 


Toxicity 


Even in relatively low concentrations (0.1 
to 1 part per million), McDonnell (1) found 
that ozone exerted a powerful irritating ac- 
tion on the mucous membranes of the re- 
spiratory organs and, after months of con- 
tinuous exposure, shortened the lives of 
guinea pigs. Pneumonia was the immediate 
cause of death. Higher concentrations lead 
to death in shorter periods from lung conges- 
tion and edema. There is no systemic poison- 
ing as most of the ozone is decomposed on 


the mucous membranes of the respiratory 
tract, where its destructive action is mainly 
located. Thorp (2) reported that 1 part per 
million of pure ozone was annoying to 25 per 
cent of exposed persons but even at 7 hours 
a day for 5 days did not cause irritation of 
nose or throat. Witheridge and Yaglou (3) 
found that concentrations of 0.015 part per 
million that can barely be smelled by the 
occupants of a room reduced the smell of 
body odor sufficiently to permit a reduction 
of at least 50 per cent in the fresh air re- 
quirement for odor control. Higher concen- 
trations were irritating to the mucous mem- 
branes of the upper respiratory tract while 
lower concentrations had no effect on odors. 
They concluded that the action of ozone on 
body odors appeared to take place not in the 
air of the room by oxidation but on the mu- 
cous membranes of the nasal passages by 
masking. 

The Heating, Ventilating and Air Con- 
ditioning Guide, 1946 (4) states: “The al- 
lowable concentrations in the breathing zone 
are very small, between 0.01 to 0.05 part per 
million parts of air. These are much too 
small to influence bacteria. Higher concen- 
trations are associated with a pungent, un- 
pleasant odor and considerable discomfort 
to the occupants. One part per million causes 
respiratory discomfort, headaches, depres- 
sion, and a lowering of the metabolic rate 
and may even lead to coma.” 

According to Wilska (5) 0.1 part per mil- 
lion of ozone was found to irritate the re- 
spiratory organs after 15 minutes of expo- 
sure. Exposure periods of 3 to 4 minutes, 
totaling 3 to 4 hours per week, produced 
distinct symptoms of chronic poisoning 
(shortness of breath, continuous headache) 
after 2 weeks. Diggle and Gage (6) found 
the LDso value for rats exposed for one pe- 
riod of 4 hours to be in the region of 10 to 
12 parts per million. Stokinger and his asso- 
caites (7) found an increased mortality of 
mice when exposed to ozone mixed with un- 
scrubbed compressed air, as compared with 
a scrubbed air-ozone mixture. They also 
state that, contrary to past assertions, no 
evidence could be found for ascribing the 
toxic effects of ozone to components of ni- 
trogen oxides in admixture. 
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While ozone is an oxidizing agent, it could 
only be expected to have this effect on car- 
bon monoxide when the pure gases are used 
—not diluted as they both are when applied 
to garage conditions. In fact, even in the 
pure, undiluted form the amount of oxida- 
tion is small at room temperature. It is usu- 
ally necessary either to heat the mixture or 
to pass sparks through the mixture in order 
to promote the reaction. Goldstein (8) did 
find that when sparks were passed through 
a Geissler tube filled with ozone and carbon 
monoxide at the temperature of liquid air, 
the spectrum of carbon monoxide gradually 
disappeared. Clausmann (9) found that 
when a mixture of ozone and carbon monox- 
ide was exposed to sunlight for 8 days, only 
2.8 per cent of carbon dioxide was formed; 
in darkness, only 0.88 per cent. When it is 
considered that in these experiments the pure 
gases were used with only such slight reac- 
tion, it could hardly be expected that highly 
diluted gases would react, although ozone 
has frequently been advocated for the re- 
moval of carbon monoxide. Salls (10) found 
that ozone generators in operation do not 
convert carbon monoxide into carbon diox- 
ide at a rate that is fast enough or complete 
enough to be of any practical use. In a re- 
cent survey the Industrial Hygiene Division 
of Colorado proved by actual tests in garages 
in which ozone generators had been installed 
that carbon monoxide was not eliminated 
(11). 

Experimental evidence on the merits of 
ozone as an aerial disinfectant has led to 
the conclusion that ozone in concentrations 
that can be breathed over long periods with- 
out irritation cannot be expected to provide 
any effective protection against airborne 
bacterial infection through direct inactiva- 
tion of the infectious carrier particles (12). 
The Council on Physical Therapy of the 
American Medical Association (13) found 
ozone generators unacceptable because of 
investigations which show that ozone in con- 
centrations sufficient to give an appreciable 
deodorant action may be harmful to the 
human body. The figures given for maxi- 
mum allowable concentration for prolonged 
exposure by various state and city industrial 


hygiene agencies vary between 0.15 and 1.0 
part per million of air. 


Analysis 


Since ozone is a very reactive oxidizing 
substance, it may be detected by a variety 
of reactions, such as the liberation of iodine 
from potassium iodide solution or the oxida- 
tion of a number of substances which yield 
colors, or it may be identified by other pro- 
cedures. Unfortunately, several other sub- 
stances react similarly so that none of these 
reactions for ozone is specific. In the absence 
of other oxidizing substances, the liberation 
of iodine and its subsequent titration with 
sodium thiosulfate is a satisfactory quan- 
titative method (14). Frequently, however, 
a colorimetric procedure is advantageous 
and the oxidation of the leuco-base of fluo- 
rescein affords a convenient method (15). 
The presence of traces of nitrous vapors, 
carbon dioxide, chlorine, and hydrogen per- 
oxide causes no interference in this latter 
procedure. 
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PALLADIUM 


Characteristics 


Palladium, Pd, atomic weight 106.7, den- 
sity 12.0, melting point 1555°C., and boiling 
point 2200° C., is the lightest metal of the 
platinum group and when pure is very mal- 
leable and ductile. It can be beaten out into 
leaf form. It resists oxidation at ordinary 
temperatures and remains bright after heat- 
ing above 800° C. (1). Palladium is charac- 
terized by its tendency to absorb hydrogen 
and when cooled in the gas, will adsorb as 
much as 935 times its volume (2). Alloys of 
palladium with cobalt, copper, gold, iron, 
and silver are known and these together 
with several other metals appear to form 
with it an unbroken series of solid solutions. 


Industrial Uses 


Palladium is used in calibrating thermo- 
couples for precision thermometry at high 
temperatures. Certain alloys, such as the 
silver palladium alloys, are used for electri- 
cal contacts, for dental purposes, and in 
jewelry. To some extent it is used as a cata- 
lyst for hydrogenation purposes. Its ad- 
sorptive property for hydrogen is utilized by 
sealing paladium thimbles into vacuum as- 
semblies for the purpose of admitting very 
pure hydrogen to the vacuum system. Pal- 
ladium compounds are used to some extent 
for certain types of electroplating. The 
amount of palladium imported into the 
United States has increased markedly and 
amounted to 227,080 troy ounces in 1953. 


Toxicity 


While Hunter (3) found that asthma was 
caused by the dust of the complex salts of 


platinum, he found none of the symptoms 
of asthma apparent in workers exposed to 
the much higher concentrations of metallic 
platinum or to the complex salts of other 
precious metals including palladium. The 
dosage of palladium chloride of from 16 to 
21 milligrams three or four times daily, 
formerly recommended in the treatment of 
phthisis, as well as the use of an emulsion 
of palladium hydroxide under the name of 
leptynol injected for the treatment of obesity 
by Kauffman (4) in dosages of 50 milligrams 
weekly into abdominal fat, does not indicate 
that the toxicity of palladium salts is high. 
Meek and his associates (5) have shown that 
palladium chloride does not cause skin irri- 
tation when applied locally and that the 
subcutaneous injection of palladium salts 
can be tolerated in animals without health 
impairment. Intravenous injection of buff- 
ered palladium chloride solution, however, 
caused toxic manifestations. No cases of in- 
dustrial poisoning from palladium or any of 
its compounds have been reported in the 
literature of industrial hygiene. 


Analysis 


Palladium reacts with a number of sub- 
stances, such as dimethylglyoxime, p-di- 
methylaminobenzylidine rhodanine, and 
naphthalene-4-sulfonic acid-1-azo-5-o-hy- 
droxyquinoline. However, none of these re- 
agents is specific for palladium and it is 
necessary to remove interfering metals pre- 
vious to its evaluation. A recent method 
based upon the reaction between palladous 
chloride and p-fuchsin has the advantage 
that positive interferences with other metals, 
and, in particular, those of the platinum 
group of metals, can be obviated (6). A 
spectrographic method has been applied by 
Fothergill, Withers, and Clements (7) to the 
estimation of the palladium as an atmos- 
pheric contaminant. The Pd line 3404.6A 
is particularly suitable for density meas- 
urements. 
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PHOSPHINE 
Characteristics 


Phosphine, hydrogen phosphide, phos- 
phuretted hydrogen, PHs, is a colorless gas 
which may be condensed at a low tempera- 
ture to a colorless liquid. This liquid boils 
at —87.4° C. and may be frozen to a white 
solid which melts at —133.6° C. The gas has 
a strong odor resembling decayed fish and is 
soluble to the extent of about 26 volumes in 
100 volumes of water at 17° C. It is only 
sparingly soluble in alcohol or ether. It is 
readily adsorbed on charcoal to the extent of 
about 5 volumes of gas to 1 volume of char- 
coal. Phosphine is an unstable gas which can 
be decomposed by heat alone and which is 
easily oxidized by oxygen and such agents as 
the halogens. Phosphine is prepared by the 
action of alkalies on phosphorus, by the 
interaction of water and calcium phosphide, 
or by the action of dilute acids on the phos- 
phides of iron, zinc, tin, or magnesium. 


Industrial Uses 


While phosphine is used to some extent in 
organic preparations, it is not a substance of 
any great commercial importance. It is 
shipped in steel cylinders, and is indicated 
by the Interstate Commerce Commission as 
dangerous for interstate shipment. Phos- 
phine is of interest to the industrial hygienist 
not so much because of its manufacture, 
shipment, and use, however, as because of 
the fact that it is incidentally evolved as a 
gas in certain industrial operations, such as 
the quenching of metal alloys or scoriae with 
water or in the shipment or handling of ferro- 
silicon when the material is likely to become 


wet. 


Toxicity 


Phosphine has long been known to be poi- 
sonous and dilutions as large as 1 to 10,000 
parts of air cause death in a few hours. The 
effects of prolonged exposure to low concen- 
trations of phosphine have been stated to be 
somewhat similar to those of phosphorous 
poisoning, such as embrittling of the teeth 
and bones. A concentration of 0.2 per cent is 
rapidly fatal, producing dyspnea, fainting, 
lowered blood pressure, slowing of the heart, 
nausea, vomiting, convulsions, paralysis, and 
coma. Slight cases are said to recover with- 
out after effects. Phosphine is said to differ 
from arsine in that the blood picture is not 
changed (1). Miiller (2) has recently con- 
firmed this and has observed hyperemia in 
most of the organs and especially the lungs, 
which became edematous following exposure. 
He found that with phosphine concentrations 
of 1:50,000, animals died after two exposures 
of 4 hours each, and after seven exposures of 
4 hours each to 1:100,000. Concentrations of 
1:200,000 could be endured by rabbits and 
guinea pigs for 2 months when inhaled for 
4 hours daily. Gessner (3) reported a phos- 
phine fatality when phosphine in quite high 
concentrations was liberated by the humid- 
ity of the air from bags of aluminum phos- 
phide stored in a warehouse and used for 
fumigating purposes. In a house adjoining 
the warehouse, 12 persons fell ill with nausea 
and one of these died. According to Barillet 
(4), acute poisoning by phosphorus hy- 
drides is possible only by absorption through 
the respiratory tract. The symptoms of 
chronic poisoning are anemia and nervous 
disorders. The proper gas mask filling for 
phosphorous hydrides according to this in- 
vestigator is silver permanganate, potassium 
permanganate, and activated carbon. Un- 
usual cases of phosphine poisoning have 
originated from cleaning magnesium billets 
with acid in the manufacture of powdered 
magnesium (5), from cleaning steel bomb 
bodies with phosphoric acid (6), and from 
wet cement used in laying the foundation for 
a road (7). In the latter case the phosphine 
probably originated from traces of calcium 
phosphide in the cement which reacted to 
form phosphine when water was added. 
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Analysis 

The exposure to phosphine in industry 
as noted above is usually a matter of acci- 
dent rather than exposure to phosphine 
evolved continuously from manufacturing 
operations. For this reason, no standard 
method of evaluation of phosphine as an 
atmospheric contaminant has been adopted. 
It may be detected in the atmosphere by 
the darkening of silver-nitrate-impregnated 
paper, although the brownish to black color 
so produced is not specific for phosphine but 
is also given by certain other hydrides. Heer- 
ing (8) has advocated the use of mercury- 
cadmium iodide paper which gives a clear 
yellow to orange-yellow coloration in con- 
centrations of phosphine of 0.01 milligram 
per liter within 10 minutes of exposure. 
Beyer (9) has applied the principle of the 
Beck and Merres method for arsine to the 
determination of phosphine in air. Air is 
passed through a 10 per cent mercuric chlo- 
ride solution precipitating P(HgCle)3; an 
excess of standard iodine solution is added, 
and the excess iodine is titrated with stand- 
ard sodium thio-sulfate solution. At a rate 
of 600 liters of air per hour, 1 milligram of 
phosphine per liter of air can be determined. 
A quantitative method for the determination 
of phosphine in small concentrations of less 
than 1 part per million of phosphine in air 
has been described by Miiller (10). In this 
method the oxidized phosphorus is deter- 
mined as the blue hydroquinone-molybdate 
complex (cf. Phosphorus.). 
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PHOSPHORUS 


Characteristics 


Phosphorus, P, has an atomic weight of 
30.98, a melting point of 44.1° C., and a boil- 
ing point of 280.5° C. In addition to the white 
or yellow form of phosphorus, a number of 
allotropic modifications exist of which red 
phosphorus (melting point 72° C., boiling 
point 350° C.) is the most important com- 
mercially. Phosphorus is found in nature 
only in the form of phosphates of which cal- 
cium phosphate and the mineral apatite, 
3Ca3(PO.)2-CaF2, are used commercially. 
It forms three main series of compounds of 
which the trivalent and pentavalent forms 
are the most important. Phosphorus ignites 
at 60° C. in air and must be kept covered 
with water, in which it is insoluble. The 
characteristic phosphorus odor. and pale- 
green luminescence which is visible in the 
dark are caused by oxidation of white or 
yellow phosphorus in moist air to hypo- 
phosphorus and phosphorus acids. 


Industrial Uses 


The phosphoric anhydride content of the 
5,806,723 long tons of domestic phosphate 
rock consumed in the United States in 1945 
was 1,884,035 tons. This high domestic con- 
sumption was abnormal, since it reflected 
a rather high war-stimulated farm income 
with concomitantly large fertilizer pur- 
chases. During the war, the facilities for 
the production of phosphorus were greatly 
expanded. During 1945, 68 per cent of do- 
mestic phosphate rock was used as fertilizer 
in the form of superphosphate and 14 per 
cent was used in the manufacture of phos- 
phates, phosphoric acid, phosphorus, and 
ferrophosphorus. Production of mined phos- 
phate rock has vastly increased since 1945 
and in 1953 amounted to 40,139,000 long 
tons. Superphosphate is made from apatite 
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by the action of sulfuric acid on the pulver- 
ized rock phosphate. However, phosphoric 
acid and soluble phosphates are now being 
prepared on a large scale by the controlled 
combustion of elemental phosphorus. With 
a cheapened source of electrical supply, the 
electrothermic method produces elemental 
phosphorus on a large scale and at such a low 
cost that it can be oxidized to phosphoric 
acid in direct competition with the older 
acid methods of production. 
Toxicity 

Phosphorus poisoning in industry has oc- 
curred in waves as the preparation and use of 
white phosphorus has increased or decreased 
following the substitution of the less harm- 
ful red or amorphous phosphorus, or of the 
tetraphosphorus trisulfide, P4S3, for the more 
toxic white or yellow form or as new uses 
have occurred. The trisulfide has supplanted 
white phosphorus in the match industry, thus 
eliminating phosphorus poisoning in that 
type of manufacture, but there has been in- 
creasing use of white phosphorus in the fire- 
works industry (1) and for war purposes. 
New methods developed for the reduction 
of phosphate rock to elemental phosphorus 
and combustion of the latter to phosphoric 
acid have again drawn attention to the white 
form as a potential source of danger in in- 
dustry. One milligram of yellow phosphorus 
per kilogram of body weight is usually fatal, 
while red phosphorus is relatively nontoxic 
even in comparatively large amounts (2). 


The exposure to the fumes of phosphorus 


has long been known to give rise to peri- 


/ ostitis and necrosis of the lower jaw. Chronic 


poisoning occurs slowly following inhala- 
tion of fumes and evidence of disease usually 
begins from a carious tooth or from some 
lesion of the gum which has become swollen 
and painful. The bone pathology involved in 
phosphorus poisoning is characteristic for 
that disease (3). In spite of the general 
recognition of the poisonous character of 


phosphorus, cases of chronic poisoning in 
‘industry continue to be reported from time 


to time (4). Phosphorus burns frequently 
occur in industry and are often complicated 
by phosphorus poisoning arising from ab- 
sorption of phosphorus from the burned area 


93 


(5). Immediate flooding with water and pro- 
longed soaking in warm bicarbonate solu- 
tion is an essential feature in treatment. The 
affected area should then be washed with a 
1 per cent solution of copper sulfate which 
coats any remaining phosphorus particles 
with a dark deposit of copper phosphide and 
makes possible their removal (6, 7, 8). 

In addition to exposure to the fumes of 
yellow phosphorus, poisoning in industry oc- 
casionally arises from inhalation of the 
gaseous hydride phosphine, PHs, which is 
usually accompanied by traces of other 
hydrides, such as P2H, and P,Ho». Phosphine 
is given off when certain metal phosphides 
are treated with water and several cases of 
poisoning have resulted from exposure to 
this type of gas (cf. Phosphine). 

Exposure to vapor of phosphorus tri- 
chloride, phosphorus pentachloride, or phos- 
phorus oxychloride occasionally occurs in 
workers in the chemical industry. These 
vapors act as strong irritants on mucous 
surfaces, owing to their tendency to decom- 
pose in the presence of moisture with the 
liberation of phosphoric and hydrochloric 
acids (9). The inhalation of the vapors of 
both phosphorus trichloride and pentachlo- 
ride is followed by marked irritation of the 
nose and throat and this irritation extends 
to the lung structure which is seriously dam- 
aged by any extended contact with high con- 
centrations. The pentachloride is somewhat 
more toxic to animal life than the trichloride. 
Henderson and Haggard quote 600 parts per 
million of phosphorus trichloride as rapidly 
fatal for short exposure, whereas only 120 
parts per million of phosphorus pentachlo- 
ride were necessary to kill mice with an ex- 
posure of 10 minutes. The oxychloride is 
similar to the trichloride in its action. 
Dangerous also are the effects of phosphorus 
trichloride on the skin because of burns. 
Phosphorus trichloride should be washed 
from the skin with sodium carbonate. Effi- 
cient gas masks should contain soda lime 
and activated carbon (10). Barillet reports 
that phosphorus pentachloride is dangerous 
to a lesser degree and that terta-phosphorus 
trisulfide (P483) is but slightly poisonous. 
In sensitive persons, contact with tetraphos- 
phorus trisulfide may produce eczema. 
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Analysis 


Since phosphorus in its oxidized form is 
relatively inert except insofar as the irritant 
quality of phosphoric anhydride is con- 
cerned, the detection of the reduced forms 
of phosphorus is chiefly of interest to the 
industrial hygienist. Phosphorus vapor may 
be detected by its property of reducing cer- 
tain metallic salts, such as copper and silver, 
to the metal form. A method of sampling air 
contaminated with the vapor of phosphorus 
has been proposed which depends upon ab- 
sorption and oxidation of this substance to 
the pentavalent form and testing for the 
latter with the usual phosphomolybdate pro- 
cedure. This, however, is not specific for 
phosphorus vapor or phosphine alone but 
will include oxidized forms of phosphorus. 
The detection of phosphine may be made 
with silver nitrate paper which turns dark 
brown after 2 minutes in a concentration of 
phosphine in air of 1:1 million. Mercuric 
chloride paper sensitized in 5 per cent po- 
tassium iodide solution changes from its 
original pale yellow color to a reddish- 
orange color on exposure to phosphine. A 
filter paper method for the detection of phos- 
phine which differentiates it from arsine has 
been proposed by Weber (11). 
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PLATINUM 


Characteristics 


Platinum is a silver-white metal, crystal- 
lizing in the cubic form and having a den- 
sity of 21.45, a melting point of 1770°C., and 
a boiling point of 4400° C. Platinum forms 
two important series of compounds corre- 
sponding to the oxidation states, +2 and +4. 
The metal is tenacious, very malleable, 
ductile, and softer than silver. Its luster is 
permanent in air and its coefficient of linear 
expansion is similar to that of glass. Plati- 
num may be prepared in the form of black 
powder (platinum black) and as a spongy 
mass (platinum sponge). It is attacked by 
the halogens, by fusion of caustic alkalies, 
alkali nitrates, phosphorus, and arsenical 
compounds, and may be dissolved in aqua 
regia and by solutions of alkali cyanides. 


Industrial Uses 


The manifold uses of platinum in the 
chemical and electrical industries are too 
well known to mention in detail. Platinum is 
& most important metal if only from the 
point of view of its use as a catalytic agent. 
During World War II, a War Production 
Board excluded platinum for use in jewelry. 
Platinum during the war was used as a com- 
ponent for spark plugs, magneto and other 
contacts, and for electronic tubes. The 
chemical industry in 1953 absorbed 160,622 
troy ounces of platinum, while the total out- 
put of platinum by United States refiners, 
repreesenting new and secondary metal, in 
that year amounted to 76,132 troy ounces. 
In 1953 the import of platinum reached a 
new high of 340,632 troy ounces. 


Toxicity 


The chief exposure to platinum in industry 
occurs in the metallurgical and chemical 
processes of preparation of the metal and its 
salts. In the preparation of spongy platinum, 
the sieving process gives rise to the dust of 
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metallic platinum. However, this dust is of 
no hygienic significance. The process of 
manufacture of ammonium chloroplatinate, 
(NH4)2PtCle, or the corresponding sodium 
salts, however, as an initial step in the proc- 
ess of manufacture of spongy platinum gives 
rise to a certain amount of airborne, soluble 
complex platinum salts. These substances on 
inhalation are very irritating. Individuals 
exposed to dust or spray of complex salts 
of platinum are subject to running of the 
nose, sneezing, tightness of chest, shortness 
of breath, cyanosis, wheezing, and cough 
(1). Hunter found that 52 of 91 workers ex- 
posed in platinum refining works complained 
of the symptoms noted bove. Thirteen of the 
men were troubled with dermatitis. None of 
these symptoms was apparent in workers 
exposed to metallic platinum dust only or 
to the complex salts of the other precious 
metals, including palladium. One may safely 
conclude, on the basis of this investigation, 
that platinum salts, whether carried as dust 
or mist, are an industrial hazard and that 
such aerial contaminants should be carefully 
controlled. 

Further reference to respiratory and cu- 
taneous symptoms on exposure to ammonium 
chloroplatinate has been reported by Jordi 
(2) and to chloroplatinic acid by Marshall 
(3). A recent investigation by Massmann 
and Opitz (4) disclosed that 12 out of 15 
workers exposed to platinum salts com- 
plained of symptoms of platinum allergy. 
Although one would assume that, owing to 
its great insolubility, metallic platinum is 
physiologically inert, Sheard (5) reports a 
case of contact dermatitis which is stated as 
due to metallic platinum. 


Analysis 

Two methods have been advocated by 
Hunter and his associates for the determina- 
tion of airborne metallic platinum or plati- 
num salts. The chemical method consists in 
digestion of the dust sample with aqua regia, 
the formation of a thallium complex, and 
the separation of the complexes of all other 
metals except that of platinum by means of 
ammonia. The platinum complex is then re- 
duced to the platinous stage by means of 
stannous chloride and the platinum content 


determined by comparison of the orange 
color of platinous chloride with that of 
similar standards (1). 

Fothergill and his asociates (6) collected 
the precious metals in a silver bead by 
standard assay methods followed by cupella- 
tion and estimation of the platinum and the 
palladium in the silver bead spectrograph- 
ically. By means of this latter method, it was 
found than in a majority of refining opera- 
tions of platinum, the air content of the 
factory was in general less than 5 micro- 
grams per cubic meter. High concentrations 
were found in the handling of dry platinum 
salts, the highest figure being of the order of 
70 micrograms per cubic meter. Sensitive 
are spectral lines for platinum are 3064.71, 
2929.79, and 2659.44. 
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PLUTONIUM 


Characteristics and Industrial Uses (1) 


Since 1940, the four transuranium ele- 
ments immediately following element 92 
(uranium)—namely, element 93 (neptu- 
nium), element 94 (plutonium), element 95 
(americum), and element 96 (curium)— 
have been discovered as a result of their 
synthesis by transmutation reactions start- 
ing with uranium as the primary material. 
Of these four transuranium elements, plu- 
tonium has assumed the position of domi- 
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nating importance because of its successful 
use as the explosive ingredient in the atomic 
bomb, and of the excellent prospects which 
it offers as a base material for the develop- 
ment of the atomic energy industry. Plu- 
tonium is the only transuranium element 
for which methods have been developed for 
production in relatively large amounts— 
that is, kilogram amounts. Since the whole 
group of heaviest elements are members of a 
transition group, this makes the chemical 
and physical properties of each of the ele- 
ments of comparable interest. 

Plutonium was the second transuranium 
element to be discovered. The isotope of 
major importance, Pu?*®, is an alpha-emitter 
with a half-life of about 24,000 years. The 
complex nuclear reactions (1 and 2 below), 
which lead to the production of plutonium 
in the uranium-graphite chain-reacting 
units, are as follows: (1) U?85 + n— fission 
products + neutrons + energy (necessary 
to perpetuate the chain), (2) U?38 + n— 
U8? — Np?3® — Pu?8®, The importance of 
plutonium results from its property of being 
fissionable with slow neutrons and also to 
the fact that the problem of its mass produc- 
tion has been solved. The Plutonium Project 
of the Manhattan District was organized for 
the purpose of producing this isotope, the 
explosive ingredient for the atomic bomb. 
The availability of plutonium, as the result 
of the successful operation of the chain- 
reacting uranium piles, has made possible an 
investigation of its chemical properties. Plu- 
tonium has the oxidation states VI, vk Vi 
and II and there is a shift in stability toward 
the III state. Numerous compounds have 
been prepared and _ their properties de- 
termined. Since plutonium has the relatively 
high specific alpha-radioactivity of about 
140,000,000 alpha disintegrations per minute 
per milligram, special equipment and special 
precautions are necessary in the investiga- 
tions of its properties. One microgram of 
plutonium equals approximately 1/16 micro- 
curie. Plutonium has been experimentally 
found to exist in nature in minute amounts. 
In 1942, Seaborg and Perlman found plu- 
tonium in pitchblend in an amount corre- 
sponding about 1 part to 10'4 and Garner, 


Bonner, and Seaborg found a comparable 
amount in carnotite. 


Toxicity 

The radioactive metals involved in nuclear 
fission present a danger to those working in 
production plants and laboratories. As a 
result of the hazards created by plutonium 
production, numerous and extensive medical 
and biological studies were incorporated 
with the Plutonium Project in an attempt 
to ascertain the maximum permissible ex- 
posure, the matter of minimal injury, latent 
injury, reliable biological indices, cure and 
causes of death for which there were little 
experimental data (2). 

Brues and associates (3) and Lisco and 
associates (4), in a study of carcinogenic ac- 
tion of some substances which may be a 
problem in certain future industries, deter- 
mined that when plutonium (Pu?3*) was 
injected intravenously, it becomes most con- 
centrated at first in the liver and spleen and 
then is later translocated to bone. The liver 
is damaged but is without tumor formation. 
A parallel is drawn to the commonly used 
diagnostic substance thorotrast. In addition 
to splenic atrophy and gross liver changes, 
the other symptoms of acute plutonism were 
similar to acute total body radiation sick- 
ness. Chronic effects of exposure to pluto- 
nium involved the local graying of hair, pro- 
gressive liver damage, and bone sarcoma. 
After subcutaneous injection of 1 microgram 
of Pu*5®, local fibrosarcomas appeared 
within 1 year, and local epilations, ulcera- 
tion, keratoses, muscle destruction, and at- 
rophy also occurred. A high percentage of 
local fibrosarcomas were noted following 
both the subcutaneous and intramuscular 
injections.* Because of its affinity for col- 
lagenous tissues, plutonium bone tumors are 
more common in the spine. 

Hamilton (5) observed the metabolic pat- 
terns of the fission products and actinide 
elements following parenteral administra- 
tion and noted the predilection of these sub- 
stances for prompt deposition and prolonged 
retention in the skeleton. These elements 
localize in and adjacent to the osteoid ma- 
trix (not in the mineral structure) and can 
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readily irradiate the marrow cavity. For 
this reason, according to Hamilton, pluto- 
nium alpha particles are more dangerous to 
the blood-forming tissues than those of ra- 
dium. 

Studies using rats indicated that unlike 
radioactive strontium, plutonium is not more 
rapidly deposited in the bones of young and 
calcium deficient rats; also, unlike stron- 
tium, plutonium does not follow the path of 
calcium metabolism but is deposited in un- 
calcified bone matrix (6). In experimental 
work at the Argonne National Laboratory, 
it was found that after rats and a dog had 
received intravenous injection of plutonium 
from 2 hours to 5 months previously, the ad- 
ministration of nontoxic doses of zirconium 
dissolved in sodium citrate markedly in- 
creased the urinary excretion of plutonium 
(7). The zirconium displaced the plutonium 
first from the liver and later from the bones. 
Investigation of different dose levels by 
Schubert and White (8) indicates that there 
is an increase in the urinary excretion of 
plutonium in rats which is proportional to 
the dose of zirconium. Foreman and asso- 
ciates (9) found that the administration of 
calcium ethylenediamine tetraacetate ac- 
celerates the excretion of plutonium in hu- 
mans, particularly when given shortly after 
plutonium has entered the body. 

The maximum permissible concentration 
of Pu?®? in air for continous exposure is 0.001 
microgram per cubic meter. The life time 
tolerance dose is 1 microgram of plutonium 
fixed in the body. The “General Rules and 
Procedures Concerning Radioactive Haz- 
ards” of the Isotopes Branch of the United 
States Atomic Energy Commission (10) in- 
clude the following statements: 

“The tolerance level for total or limited 
body exposure is 0.1 rem (roentgen equiva- 
lent man or that quantity of radiation which 
when absorbed by man produces an effect 
equivalent to the absorption by man of one 
roentgen of X or gamma radiation). No in- 
dividual shall knowingly expose himself or 
cause others to be exposed to more than 0.1 
rem in any 24 hour period. No work with 
plutonium in any chemical or physical form 
is even to be done by a person having a break 


in his skin below the wrist. No exposed plu- 
tonium is even ‘tolerable’; the following are 
maximum levels which are perhaps unavoid- 
able in some cases. For spills and contamina- 
tion levels for exposed surfaces, floors or 
bench tops on a small spot, the maximum 
level is 2,000 decompositions per minute; 
for a large area, 14,000 decompositions per 
minute per square foot. Any work with ma- 
terials susceptible to atmospheric distribu- 
tion of plutonium (that is, dusting, spillage, 
vaporizing, effervescence of solution) shall 
be done in an adequate hood. All discarded 
material which has been liable to plutonium 
contamination is to be buried. Distinctive 
cans are to be provided and these handled 
with proper discretion.” 
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PORTLAND CEMENT 


Characteristics 


A combination of limestone with clay or 
shale is the predominant raw material for 
making Portland cement and, in 1945, 71.4 
per cent of the output was made from this 
combination of raw materials. Cement rock 
and limestone were the raw materials used 
in 19.8 per cent of the cement; blast-furnace 
slag and limestone accounted for 6.8 per 
cent. The limestones used usually contain a 
small but variable quantity (between 3 and 
11 per cent) of free silica as chalcedony or 
quartz. In the shales the quartz values range 
between 19 and 36 per cent, and in the clays 
between 11 and 24 per cent (1). The raw 
materials are transported from quarries to a 
crusher house where they are broken into 
sizes convenient for grinding. Proper pro- 
portions of the different rocks are then re- 
duced to a fine powder in mills by either a 
wet or a dry process. The mixture is calcined 
in rotary kilns at a temperature of 2700° to 
2800° F. and the resulting clinker is cooled 
and reground with a small amount of gyp- 
sum to control the rate of setting. The as- 
pects of the chemistry of clinker formation, 
the phase equilibria of clinker components, 
and the phenomena involved in hydration 
setting and hardening have recently been 
described by Bogue (2). 


Industrial Uses 


The production of Portland cement, which 
constitutes about 99 per cent of the total 
output of hydraulic cements produced in the 
United States, amounted to 250,821,410 bar- 
rels in 1952 and was more than double the 
production (106,353,595 barrels) of 1945. 
In addition to its enormous utilization for 
building construction and road building, 
Portland cement is extensively utilized in 
industry for a variety of purposes, such as 
lining pipes used in oil fields, submarine 
construction, and the manufacture of drain 
pipes, molds, and facings. Cement has in- 
creasing use for grouting railroad ballast to 
increase stability and reduce track mainte- 
nance expense. 


Toxicity 

The manufacture of Portland cement is 
essentially a dusty process and employees 
at different parts of the cement plants are 
frequently exposed to heavy concentrations 
of this dust. Owing both to the nature of the 
dust and the extent of exposure, several 
studies have been made of the health of 
workers in this industry. The U. S. Public 
Health Service in 1928 (3) made such a 
study in which 570 men (active employees 
or previous employees in a single plant) were 
examined. As a result of this study it was 
felt at that time that inhaled cement dust 
produces an asymptomatic pneumoconiosis. 
They stated that although “frequency of the 
minor respiratory diseases was found to be 
high among the cement workers, the more 
serious respiratory diseases, such as pulmo- 
nary tuberculosis and pneumonia, caused 
relatively little disability among these work- 
ers”. In 1938, the Portland Cement Associa- 
tion (4) published a report of sickness 
absenteeism and mortality in 81 plants em- 
ploying a total of 14,148 men. There was no 
evidence of unusual amounts of chronic re- 
spiratory illness in this group. This was also 
confirmed by the extensive study made by 
Gardner and his associates (1) in the fol- 
lowing year. Gardner surveyed 17 widely 
distributed plants comprising 2,278 employ- 
ees. While this survey indicated the presence 
of a high concentration of dust in the atmos- 
phere of the finishing mills and packing de- 
partments, this dust was found to contain 
but very little free silica. In the raw mills 
the dust was found to contain from 1 to 30 
per cent of silica. A study of the health of 
the workers, with emphasis on roentgeno- 
graphic examination, indicated that only 
eight out of 2,278 employees showed evidence 
of nodular fibrosis attributable to dust and 
that in six of these, previous exposure to 
silica dust in previous employment was pre- 
sumably responsible for this condition. In 
general, Gardner considered that, compared 
with the dust hazards in hard-rock cutting, 
mining, and other silica industries, the prob- 
lem in the cement industry is trivial. The 
incidence of tuberculosis and other chronic 
affections of the lungs was found to be less 
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than in the general population, and it was 
concluded that prolonged inhalation of ce- 
ment dust has no unfavorable influence upon 
susceptibility to tuberculosis infection or 
upon its subsequent evolution. Marchand 
(5), in a review of the various products 
which may produce perforation of the nasal 
septum as an occupational disease, lists ce- 
ments among other hygroscopic materials. 
Baetjer (6) has recently added significantly 
to our knowledge of the problem of exposure 
to cement dust by studying the effects of ex- 
posure of animals to cement dust under care- 
fully controlled conditions This investiga- 
tion was made with particular reference to 
the question of susceptibility to lobar pneu- 
monia following such exposure. Exposures 
varied in duration of from 1 day to 30 weeks 
and high concentrations of Portland cement 
dust were used. The animals were inoculated 
with Type I pneumococcus stispension in- 
trabronchially. This investigation showed 
that exposure to high concentrations of Port- 
land cement dust does not lower resistance 
to lobar pneumonia, and, furthermore, in the 
animals studied there were no apparent 
acute or chronic pathological changes in the 
lung tissue following such exposure. These 
animal experiments support Baetjer’s con- 
clusion that although pneumonia rates were 
considerably higher in all of the Portland 
cement plants taken together than in other 
industries, there was a marked difference in 
the pneumonia rates among cement workers 
in various parts of the country, and, when 
further comparison was made between those 
cement plants located in similar geographic 
areas with those of other industries, the 
pneumonia absenteeism rates were approxi- 
mately the same in the two groups. 

In 1950 Jaeger and Pelloni (7) found that 
the dermatitis occasionally occurring among 
cement workers was due to traces of soluble 
chromates in Portland cement and this 
finding has been confirmed by several later 
investigators (8, 9, 10, 11). Denton and as- 
sociates (11) found the water-soluble hexa- 
valent chromium content of the first wash- 
ing of Portland cement to vary from 0.03 to 
6.9 micrograms per gram of the original ce- 


ment. 


REFERENCES 


1, Gardner, L. U., Durkan, T. M., Brumfiel, D. M., 

and Sampson, H. L.: Survey in seventeen ce- 

ment plants of atmospheric dusts and their 

effects upon the lungs of twenty-two hundred 

employees. J. Ind. Hyg. Toxicol. 21: 279 
(1939). 

. Bogue, R. H.: The Chemistry of Portland Ce- 

ment. Reinhold Publ. Corp., New York, 1948. 

3. Thompson, L. R., Brundage, D. K., Russell, A. 

E., and Bloomfield, J. J.: Health of workers 

in a Portland cement plant. U. S. Public 

Health Service, Public Health Bull. No. 176 
(1928). 

: Illness absenteeism and mortality in 

the Portland cement industry. Annual Re- 

po Portland Cement Assoc., Chicago (1939- 


1) 


5. Marchand, M.: Occupational perforations of 
the nasal septum. Arch. maladies profess., hyg. 
et toxicol. ind. 6: 132 (1944-45); Chimie & 
industrie 64: 331 (1945). 

6. Baetjer, A. M.: The effect of Portland cement 
dust on the lungs with special reference to 
susceptibility to lobar pneumonia. J. Ind. 
Hyg. Toxicol. 29: 250 (1947). 

7. Jaeger, H., and Pelloni, E.: Positive results 
with bichromate patch tests in cement derma- 
titis. Dermetologica 100: 207 (1950). 

8. Engebrigtsen, K.: Some investigations on hy- 
persensitiveness to bichromate in cement 
workers. Acta Dermato-Venereol. 82: 462 
(1952). 

9. Frey, E.: The evaluation of the potassium bi- 
chromate test for cement dermatitis. Derma- 
tologica 106: 244 (1952). 

10. Skog, E., and Thyresson, N.: Chromium eczema 
and the industrial diseases law. Svenska 
Lakartidn 49: 2345 (1952). 

11. Denton, C. R., Keenan, R. G., and Birmingham, 
D. J.: The chromium content of cement and 
its significance in cement dermatitis. J. In- 
vest. Dermatol. 23: 189 (1954). 


RADIOACTIVE SUBSTANCES 


It is beyond the scope of this discussion 
to cover even briefly the vast accumulation 
of information concerning radioactivity in 
general, including such current problems as 
the biological effects of atomic warfare, 
shielding and radioactive fall-out—the term 
applied to the tons of radioactive soil and 
debris taken up into the atmosphere by a 
surface, or near surface, blast. This section 
is therefore limited to a brief discussion of 
industrial exposure. 

Radioactivity is characterized by the 
emission of three types of radiation known 
respectively as alpha, beta, and gamma rays. 
These three radiations resemble anode rays, 
cathode rays, and X-rays, respectively. 
Alpha rays are particles of helium carrying 
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two unit positive charges and having & ve- 
locity of 5 to 7 per cent as that of light. Beta 
rays consist of electrons shot off from the in- 
terior of radioactive atoms with velocities 
up to that of light. Gamma rays are the most 
penetrating—so penetrating, in fact, that 
gamma rays may be detected from 30 milli- 
grams of radium after passing through 30 
centimeters of iron. From radioactive evi- 
dence up to 1940 there appeared to be about 
40 radio-elements. Since that date this list 
has been greatly extended. Certain of these 
have identical chemical properties which, 
although differing slightly in atomic weight, 
are called isotopes. For instance, radium of 
atomic weight 226 and mesothorium-1 of 
atomic weight 228 are identical chemically 
and are known as isotopes. 

Apart from its use as a curative agent, 
radium is becoming more important indus- 
trially for the radiography of castings and 
machine parts to detect such flaws as blow 
holes and “pipes” because the penetration 
of gamma rays is more pronounced than that 
of X-rays. Both radium and mesothorium, 
but particularly the latter, are mixed with 
phosphorescent zinc sulfide to make lumin- 
ous paint, which is extensively used for 
watches, clocks, gauges, and other indicating 
dials. Radon and thoron are evolved from 
these two substances, respectively, and are 
both radioactive. Physical contact with these 
radioactive substances, ingestion or inhala- 
tion of radioactive dust, inhalation of gase- 
ous emanation, or exposure of the whole 
body to gamma radiation results in severe 
injury (1, 2,3). Numerous devices and pro- 
tective equipment have therefore been de- 
vised to protect workers (4-10). A radium 
tolerance dose of 0.1 microgram has been 
tentatively established by the National Bu- 
reau of Standards for humans. Routine sam- 
ples of exhaled air are recovered from work- 
ers and it has been shown that the exhaled 
breath will contain 1.1 micromicrocuries of 
radon per liter for each 0.1 microgram in the 
body (11). Hoecker’ (12, 13) has recently 
shown that a more exact figure may be ob- 
tained from measurement of the Rn/CO., 
ratio of output. The maximum allowable 
amount of radium “fixed” in the body, 2.e., 
the amount which has been in the body 2 
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years or more is 1/10 microgram. If the 
radon content of the air of workrooms ex- 
ceeds the adopted tolerance limit of 10? 
curie per liter, a search should be made by 
means of a Geiger-Miiller counter to locate 
the contaminant, which should be promptly 
removed. 

While radium itself is not poisonous in the 
usual physiological sense, the harmful effects 
are produced by radiation. Because of its 
relation to calcium, it can replace or is de- 
posited with calcium in the bones and exer- 
cises detructive effects on the tissues as a 
result of its disintegration products. In small 
doses the destructive effects are frequently 
only noticeable after a considerable length 
of time—sometimes as long as 10 years. The 
destructive action of radium activity re- 
sults in lung carcinoma, osteogenic sarcoma, 
blood dyscrasia, and skin injury. This has 
occurred where large deposits of from 12 to 
100 micrograms of radium in the body have 
accumulated. Unfortunately, when radium 
is once deposited in the bones, it remains 
there almost indefinitely and cannot be re- 
moved by medical treatment. Such deposits 
will not occur if standard recommendations 
for the protection of workers are followed. 

The radon concentration in the atmos- 
phere of workrooms should not exceed 107! 
curie per liter and the whole body exposure 
of the workers to gamma radiation should 
not exceed 0.1 roentgen per working day in 
order to insure safety. Furthermore, proper 
precautions should be taken against the in- 
halation or ingestion of radioactive dust. 
Cowie and Scheele (14) have discussed in 
detail the precautions to be observed in 
handling radium and have pointed out the 
inadequacy of protection against X-rays 
in most hospitals. Wirth ( 15) has recently 
discussed the necessary safeguards and pre- 
cautions to be used in the handling of radio- 
active material (cf. Plutonium). 

The problem of personnel protection in 
atomic products operation is a specialized 
field. About 9,000 men and women are en- 
gaged in producing plutonium (16) in one 
plant. In view of the fact that large quan- 
tities of radioactive materials have been 
processed in this plant over a period of 10 
years, during which no injury due to radia- 
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tion has occurred, this constitutes an out- 
standing example of the effectiveness of a 
program of careful industrial control. The 
few following selected references (17-22) 
may be of further interest with reference to 
industrial exposure. 
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RUBIDIUM AND CESIUM 


Characteristics 


Rubidium, Rb, atomic weight 85.48, den- 
sity 1.53, melting point 39.0°C., boiling 
point 679° C., and cesium, Cs, atomic weight 
132.91, density 1.9, melting point 28.4° C., 
and boiling point of 690° C., are both mem- 
bers of the alkali metal group. These are 
silver-white, very soft metals. Both decom- 
pose water vigorously, becoming ignited, and 
they both resemble potassium closely in their 
chemical properties. Rubidium salts impart 
a brilliant red color to the nonluminous 
flame, while cesium colors it violet. Rubi- 
dium gives off a green vapor when heated. 
One of the most important sources of rubid- 
ium and cesium chlorides is the mother liq- 
uor remaining after the extraction of potas- 
sium chloride from carnallite. Cesium is 
active photoelectrically. An isotope of ru- 
bidium, Rb§’, which occurs naturally, emits 
beta radiation. The isotope of cesium, Cs187, 
a gamma emitter having a half-life of 33 
years, has limited application in radiation 
therapy. 


Industrial Uses 


Cesium has recently been found to have 
important uses in the construction of photo- 
electric cells (1) and the use of these cells 
for accurate temperature indication for 
forging, extrusion, and casting purposes is 
growing. In addition to its use in thermionic 
valves, cesium, as the oxide, is used to a 
limited extent in ceramics. An interesting 
and important use of cesium during the war 
has recently been disclosed, 2.e., its use in a 
cesium vapor lamp which emits infrared 
radiation (2). The infrared radiation en- 
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abled secret two-way conversation over an 
invisible search light beam which, unlike 
radio, precluded “jamming” or eaves- 
dropping. While rubidium is not extensively 
employed in industry, it is of some impor- 
tance in the manufacture of photoelectric 
cells. Both rubidium and cesium have been 
used in industry as catalysts for the poly- 
merization of certain resins used in coating 
materials. 
Toxicity 

While rubidium and cesium have been 
shown to have pronounced physiological 
action in experiments with animals, the 
toxicity of their various compounds is of 
minor importance in industry. Hyperirrita- 
bility including marked spasms has been 
shown to follow the administration of ru- 
bidium or cesium in amounts equivalent to 
the potassium content of the diet’ (3). Follis 
(4) found that the survival time for rats fed 
cesium salts was somewhat less than that for 
those fed rubidium salts, confirming the 
earlier work of Mitchell. The latter found in 
addition that replacing the potassium in the 
diet by an equivalent amount of rubidium 
or cesium was followed by death of rats 
after 10 to 17 days. When injected sub- 
cutaneously, Graham and Wright (5) found 
that 85 per cent of the cesium excreted by 
mice was excreted by the kidneys. Of the 
injected cesium, 17.5 to 20 per cent was ex- 
creted the first 24 hours and 3 per cent the 
second 24 hours. When rubidium was in- 
jected, the first day’s excretion of the rabbit 
was divided between the feces and urine in 
the proportion of 5 per cent to 95 per cent 
(6). Sheldon and Ramage (7), by spectro- 
graphic studies, found that rubidium is 
widely distributed in the body and is par- 
ticularly present in the heart and skeletal 
tissues, while Scott and Canaga (8) found 
cesium to be localized in the retina. 


Analysis 


The analytical determination and separa- 
tion of both cesium and rubidium involves 
considerable difficulty and is still a major 
problem in analytical chemistry. Potassium 
salts usually interfere seriously. The pre- 
cipitation of rubidium as the silico-tungstate 
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(Si02-12WO3.4Rb20) has been proposed by 
Freundler and Ménager (9) and has been 
claimed to be accurate if the ratio of ru- 
bidium to potassium or sodium is greater 
than 1:40. According to Dutt (10), cesium 
may be precipitated from its solution as 
CsgNaLa(NOsz)¢ by a 50 per cent solution 
of NasLa(NOz).¢. After washing with cold 
methyl alcohol, the crystals can either be 
dried and weighed or the nitrite can be de- 
termined volumetrically by titration with 
acidified Ce(SO4)2 solution. The spectro- 
graphic method for the determination of 
rubidium has been used in its determination 
in plants (11), in soil (12), and in animals 
(13). The most persistent—not necessarily 
the most sensitive—are spectral lines for the 
determination of cesium are 4593.2, 4555.3, 
4538.9, and 2525.6. The rubidium lines are 
not particularly persistent, with the excep- 
tion of 4571.7. 


REFERENCES 


1. Arend, A. G.: Caesium and its application to 
photoelectric cells. Metallurgia 30: 7 (1944), 

2. Anon.: Cesium vapor lamp for secret communj- 
cation. Chem. Eng. News 24; 2829 (1946). 

3. Mitchell, P. H., Wilson, J. W., and Stanton, R. 
E.: The cause of potassium selection as in- 
dicated by the absorption of rubidium and 
cesium. J. Gen Physiol. 4: 141 (1921). 

4. Follis, R. H., Jr.: Histological effects in rats 
resulting from adding rubidium or cesium to 
a diet deficient in potassium. Am. J. Physiol. 
38: 246 (1943). 

5. Graham, C. F., and Wright, A. W.: The ex- 
cretion of caesium by the albino mouse. Am. 
J. Physiol. 106: 314 (1933). 

6. Mendel, L. B., and Closson, O. E.: The excre- 
tion of rubidium. Am. J. Physiol. 16: 152 
(1906). 

7. Sheldon, J. H., and Ramage, H.: Spectro- 
graphic analysis of human tissues. Biochem. 
J. 25: 1608 (1931). 

8. Scott, G. H., and Canaga, B. L.: Cesium in the 
mammalian retina. Proc. Soc. Exptl. Biol. 
Med. 40: 275 (1939). 

9. Freundkr, P., and Ménager, Y.: Dosage du 
rubidium. Compt. rend. 182: 1158 (1926) 

10. Dutt, N. K.: Chemistry of the rare earths. II. 
Macro-and micro-estimation of cesium in 
presence of potassium and rubidium with the 
help of rare earths. J. Indian Chem. Soc. 22: 
71 (1946). 

11. Bertrand, G., and Bertrand, D.: The general 
presence of rubidium in plants, Compt. rend. 
219: 325 (1944). 

12. Mitchell, R. L.: Applications of spectrographic 
ane to soil investigations, Analyst 71: 361 

13. Bertrand, G., and Bertrand, D.: Gereral pres- 
ence of rubidium in animals. Compt. rend. 
220: 25 (1945). 





INORGANIC SUBSTANCES 


SELENIUM 


Characteristics 


Selenium, Se, atomic weight 78.16, is a 
nonmetal which has certain metallic prop- 
erties. The density is 4.8. It melts at 217° C. 
and boils at 688° C. Like sulfur, it exists in 
a number of allotropic forms and the vapor 
varies in melecular species from Seg to Ses. 
lt has valencies of 2, 4, and 6. The electrical 
conductivity of the gray form is poor but 
it is greatly increased on exposure to light 
which makes this form of selenium useful 
in the construction of apparatus for the 
measurement of light intensity. It is pre- 
cipitated from its solutions by sulfur dioxide 
and it is less active than sulfur, both as a 
reducing agent and as an oxidizing agent. 


Industrial Uses 


The production of selenium in the United 
States in 1940 amounted to 328,731 pounds 
and rose to 635,581 pounds in 1943, but 
dropped in 1945 to 542,099 pounds. Produc- 
tion in 1951 was 457,004 pounds. Its principal 
sources are the flue dusts of processes in 
which sulfide ores are roasted and anode 
slimes formed in the electrolytic refining of 
copper. By far the greater amount of sele- 
nium is absorbed by the glass industry while 
smaller amounts are used in rubber manu- 
facture and in photoelectric cells. In the pro- 
duction of stainless steels and of commercial 
copper, selenium is used as an alloying ele- 
ment to improve the machineability of the 
metal. During the late war an important use 
was found in the application of selenium 
cells for the detection of incendiary bombs. 
Another use depends on its application to the 
manufacture of rectifiers. At present, about 
100,000 pounds of selenium are used yearly 
for decolorizing glass (to neutralize the 
greenish tint due to iron compounds), for 
producing pink, ruby, and black glass, and 
for colored glazes (1). It finds a limited ap- 
plication in the production and coloring of 
plastics and in paint and ink pigments. 


Toxicity 


The literature regarding the toxic effects 
of ingested selenium is extensive because of 
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the disastrous effects of small amounts of 
selenium occurring in grain and herbage 
consumed by livestock in western states of 
the United States. A survey of the rural 
population in these same areas had dis- 
closed a number of symptoms attributed to 
selenium intoxication, together with definite 
proof of urinary excretion of selenium (2). 
While the question has been raised whether 
the garlicky odor in the breath of animals 
which have ingested selenium compounds 
may not be due to a trace of tellurium as an 
impurity, McConnell has shown definitely 
by means of radioactive selenium that 3 to 
10 per cent of the original amount of sele- 
nium subcutaneously injected was exhaled 
within 24 hours (3). The nature of the 
volatile selenium compounds exhaled has not 
been definitely settled, although it is gener- 
ally assumed that they are di-methyl 
selenides or analogous substances. Hydrogen 
selenide is highly toxic as shown by animal 
experiments (4). Rats fed selenium in a 
grain diet at concentrations of 3, 5, 7, 10, 
20, and 40 parts per million showed toxic 
effects at all levels of selenium. A concentra- 
tion of 10 parts per million killed most of 
the animals within 8 weeks. Lower concen- 
trations produced chronic symptoms, which 
included a decreased growth rate, a restric- 
tion of food consumption, and slight to se- 
vere pathological lesions (5). In man, a con- 
centration of 0.005 milligram per liter is 
intolerable, producing eye and nasal irrita- 
tion. The experimental work of Dudley indi- 
cates that the pathological changes follow- 
ing exposure to hydrogen selenide refer to a 
chemical pneumonitis which may persist in 
a subacute form together with fatty meta- 
morphosis of the liver which tends to de- 
crease with time. This is accompanied by a 
progressive change in the spleen. In industry 
where workers have been exposed to sele- 
nium in copper refineries, a number of 
symptoms, such as pallor, gastrointestinal 
disturbances, nasal and throat irritation, 
garlicky odor of breath and perspiration, 
metallic taste, and nervousness, as well as 
the urinary excretion of selenium, have been 
reported (6). An instance has recently been 
reported in which workers engaged in melt- 
ing aluminum scrap contaminated with se- 


104 


lenium were exposed to high concentrations 
of selenium fumes (7). Several workers were 
acutely affected but all recovered within 3 
days and there were no sequelae. Buchan (8) 
has also recently described five cases of in- 
dustrial selenosis due to exposure to less 
than 0.2 part per million of hydrogen sele- 
nide. The symptoms were predominantly 
those described above. While contact with 
metallic or amorphous selenium has not been 
reported as a source of skin injury, cases of 
dermatitis have been reported following ex- 
posure to selenious acid and certain of its 
salts (9, 10). The maximum allowable con- 
centration of hydrogen selenide should be 
lower than that amount which produces eye 
or nasal irritation. This would require that 
the degree of contamination should be less 
than 1 milligram per cubic meter. 


Analysis 


The identification of selenium is greatly 
assisted by the volatility of certain of its 
compounds which permits separation from 
a number of interfering substances. Among 
the reagents which facilitate its detection 
are 1,8-naphthylenediamine sulfate, pyrrol, 
and codeine sulfate. The procedure adopted 
for the determination of selenium in bio- 
logical material by Dudley (4) depends upon 
the oxidation of selenium to the hexavalent 
condition by means of free bromine in the 
hydrobromic acid solution. The free bromine 
is removed by distillation and selenium may 
then be distilled from the bromine-free hy- 
drobromic acid. The selenium content of the 
distillate may be determined by reduction 
with sulfur dioxide or hydroxylamine hydro- 
chloride. The pink-colored residue obtained 
on the filter paper by filtration of such a re- 
duced mixture serves to indicate the presence 
of selenium qualitatively and, when present 
in quantity, the selenium content may be 
determined by filtration through an asbestos 
Gooch crucible and weighing. The colori- 
metric determination of selenium by means 
of pyrrol is said to be applicable to a quan- 
tity of selenium amounting to 0.0005 milli- 
gram in a concentration of 1: 1,000,000. 
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INORGANIC SUBSTANCES 


SILICA 


Silica (SiOz) or silicon dioxide, is the most 
abundant of all the minerals and rocks that 
form the earth’s crust. It is characterized by 
its hardness and chemical resistance to re- 
agents. It is slightly soluble in alkalies but 
the finely particulate material is only very 
slightly soluble in water (1, 2). Silica frac- 
tures into very minute particles. In the 
crystalline from it occurs as quartz but two 
other forms are known. These are tridymite 
and cristobalite, and each of these exists in 
a number of modifications. Sand, flint, and 
agate are familiar forms of silica and diato- 
maceous earth, which is occasionally found 
in nature in large deposits, is composed of 
the silicious skeletons of diatoms. In view of 
what is known about the disease called 
“silicosis”, it is important to distinguish be- 
tween silica in the free state, as SiO2, and 
silica in the combined state, such as the var- 
ious silicates. The silicates are still con- 
_sidered innocuous when inhaled as dust, with 
the exception of talc, mica, and the fibrous 
silicates which are known as asbestos (3). 
The percentage of free silica in the various 
dusts which have been analyzed in connec- 
tion with health studies of workers in dusty 
trades has been shown to range from 54 per 
cent to a trace (4). Silicosis is a chronic dis- 
ease caused by the inhalation of particulate 
matter containing free or uncombined silica. 
It is characterized anatomically by general- 
ized fibrotic changes with miliary nodula- 
tion in the lungs. Clinical signs are shortness 
of breath, a lowered vital capacity, a lowered 
capacity for work, increased susceptibility 
to tuberculosis, and a characteristic X-ray 
appearance of the lungs. 

Silicosis is found to occur in such occupa- 
tions as mining, the cutting of sandstone and 
granite, the coal industry, the smelting, re- 
fining, and grinding of metals, the manu- 
facture of certain abrasives, the pottery in- 
dustry, and the processing of the various 
forms of free silica. The number of workers 
exposed to dangerous amounts of silica dust 
has been estimated at more than 1 million 

5). 
Because of the disabling nature of silicosis 
(6), the extent to which exposure occurs in 
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industry and the number of workers in- 
volved, many surveys have been made and 
these investigations have resulted in the 
setting up of efficient protective measures in 
working establishments. Dust control meas- 
ures, taking into consideration the chemical 
composition of the dust and the size of the 
silica particles, as well as the concentration 
of the dust in the air, have been instituted. 
There is more or less general agreement that 
it is desirable to avoid concentrations of 
more than 5 million particles per cubic foot 
of air in working places where the dust con- 
tains a high percentage of free silica. Granite 
dust, which contains about 35 per cent free 
silica, when in concentrations of 10 to 20 
million particles per cubic foot has been 
found not to cause disabling silicosis in a 
working lifetime, while anthracite dust, con- 
taining less than 5 per cent free silica, has 
been found not to cause anthracosilicosis in 
concentrations of less than 50 million par- 
ticles per cubic foot (3). Because airborne 
dust may differ markedly from that of the 
source material from which it arises, it is 
common practice in appraising dust hazards 
to determine the free silica content of sam- 
ples. Furthermore, it has been indicated that 
toxicity increases sharply with silica dust 
below 3 microns in size (7). Since particles 
too large to be significant in silicosis pro- 
duction often contain a much higher per- 
centage of free silica than fine particles of 
significant size, Holden and his associates 
(8) describe a procedure to eliminate the 
oversize particles before analysis. 

Silicosis is occasionally found to occur 
under unusual or unexpected circumstances. 
While workers at the face in coal mines may 
be much less affected, silicosis has been 
found to be more prevalent among the mine 
locomotive operators in certain mines. This 
has been attributed to sand used as traction 
material. The spinning and grinding action 
of the wheels produces dust which, in the 
confined space of entries or tunnels, may 
rise to high atmospheric concentration. 
Laboratory study of substitute materials by 
Fairhall, Highman, and Perone (9) showed 
that iron ore tailings, metallurgical slags, 
and trap rock produce far less peritoneal 
reaction in guinea pigs that sand or quartz, 
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yet possess the requisite hardness to serve 
as traction material. 

The mechanism and pathology of silicosis 
have been very adequately described. It is 
well recognized that very fine particulate 
silica is carried to the air sac or alveolus 
which represents the terminal dilatation of 
the bronchioles in the lungs. The alveoli are 
in intimate contact with blood vessels 
through which the oxygen-carbon dioxide in- 
terchange phenomena of respiration occur 
and they are also in contact with lymphatics 
which are important for the removal of for- 
eign or irritant material. This defense mech- 
anism is motivated by the activity of phago- 
cytic cells which carry off the minute silica 
particles to the lymph nodes. There an in- 
effective accumulation of this material oc- 
curs and fibrotic changes take place resulting 
in areas which constitute the silicotic lung 
marking revealed by the chest roentgeno- 
gram. Just why the phagocytic cell is af- 
fected by the silica—whether, in fact, silica 
has a direct toxic action, or whether it initi- 
ates other effects—is still in the realm of 
speculation. 

Certain substances, such as aluminum, 
iron and magnesium dusts, as well as coal 
and cement dusts, when used with quartz 
have been found to decrease the pulmonary 
changes associated with free silica itself. 
This has been attributed to a decreased 
solubility of the particulate silica and 
Denny, Robson, and Irwin (10) have shown 
that small quantities of metallic aluminum 
powder almost completely inhibit the solu- 
bility of siliceous material. While aluminum 
dust therapy has represented an interesting 
phase of the silicosis problem, it should be 
mentioned that Riittner and Willy (11) 
have found aluminum dust itself to be 
fibrogenic and state that caution should be 
exercised in regarding it as antidotal. Fur- 
thermore, King (12) reports that, while a 
mixture of aluminum hydroxide with silica 
lowers its solubility, it does not prevent 
fibrosis in animals. Heffernan (13) proposed 
the theory that only freshly fractured quartz 
is biologically active and that the surface 
activity of the silica particles is the impor- 
tant factor in the production of silicosis 
rather than the solubility of the silicon di- 
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oxide. However, this theory has been vigor- 
ously criticized by Wright (14), who has 
attacked the various hypotheses on which 
this theory is based. Moreover, comparative 
animal experiments by Riittner (15) have 
demonstrated that pure, freshly fractured 
quartz is no more active that “old” quartz. 
Vigliani et al. (16) have stated that meas- 
urement of the blood serum globulins can 
assist in both the diagnosis and the prognosis 
of silicosis. More recent experimental work 
by Baldi and Boselli (17) and by Proyard 
and Nizet (18) has failed to substantiate 
this finding. The application of the electron 
microscope to the examination of particulate 
quartz obtained from the lungs of workers 
has revealed a process of disintegration, ac- 
cording to Beintker and Meldau (19). These 
investigators state that the disintegration of 
the particle is revealed in the form of very 
minute droplets on the surface of the particle 
and that these droplets appear to be silicic 
acid in colloidal form. It is thought that 
this colloidal material may play an essen- 
tial role in initiating silicosis. The more 
recent piezoelectric theory of fibrogenic ac- 
tivity of quartz has been disproved by the 
experimental work of Pratt and his associ- 
ates (20) who found that highly piezoelectric 
substances other than quartz do not produce 
fibrosis or silicosis in guinea pigs, while tri- 
dymite and vitreaus silica, both of which 
are not piezoelectric, do produce fibrosis. 
Since free silica or quartz is the important 
factor in causing silicosis, the identification 
of this substance and its quantitative evalu- 
ation as a dust constituent are of prime con- 
sideration. The microscopic examination of 
such dust yields especially valuable infor- 
mation. Of the six distinct silica minerals, 
quartz, chalcedony, and opal are the more 
common. Tridymite and cristobalite are 
more or less of volcanic origin and are also 
found as constituents of silica bricks, while 
lechatellierite is exceedingly rare. Quartz 
and chalcedony have refractive indices near 
that of Canada balsam and a birefringence 
of about 0.009. The other silica minerals 
have lower indices of refraction and weaker 
birefringence. The microscopic examination 
of such industrial dusts as are known to con- 
tain free silica can only be satisfactorily 
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accomplished by the use of the petrographic 
microscope and a considerable amount of 
experience is necessary. Quantitative evalu- 
ation of the quartz content of a dust may 
be made microscopically by examining the 
dust and counting the dust particles in two 
different immersion media (21) having dif- 
ferent indices of refraction. In one of these 
media all the particles are visible; in the 
other, having the same index of refraction as 
quartz, only the nonquartz particles are 
visible. The difference between these two 
estimations gives some approximation of the 
silica content of the dust. The method is not 
suitable for very fine particles and estima- 
tion based on particles of less than 10 
microns in size is not good petrographic 
practice. Chemical methods for the estima- 
tion of free silica, such as the hydrofluo- 
silicic acid method (22) and the fluoboric 
acid method (23), are tedious, time-con- 
suming, and frequently yield information of 
no more quantitative value than less lengthy 
procedures. The X-ray diffraction method of 
dust analysis has become of increasing im- 
portance and is especially commendable 
from the point of view of speed, while it 
appears to yield results of as great accuracy 
as is obtainable by other methods of analy- 
sis. Fraser (24) has presented a method that 
permits for the first time an absolute pro- 
cedure for the analysis of airborne solid 
particulates. The method makes use of the 
combined high efficiency of the molecular 
filter membrane for sampling and of the 
electron microscope for measurement. 
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THE SILICONES 


Characteristics 


Silicon forms a large number of com- 
pounds which are analogous to those of car- 
bon. The simplest of these is silane, SiH4, 
which corresponds to methane. While these 
compounds have been known for some time, 
they were, however, of academic interest 
only and received no practical application 
until about 1940 when the unique properties 
of the silicones caused them to assume con- 
siderable industrial importance. The sili- 
cones, R—SiO—R, correspond to the ketones 
but differ from the latter in most of their 
properties. The methyl silicones occur as 
oils, resins, and elastomers or rubber-like 
substances. The methy] silicone oils are solu- 
ble in benzene and the lighter hydrocarbons 
but are only partially soluble in alcohol. 
Many very complex alkyl and ary] silicones 
have been reported and studied within recent 
years. Some of these substances, such as 
methyl silicone oil, are characterized by their 
chemical inertness, low temperature coeffi- 
cient of viscosity, wide liquid range, and low 
freezing point. Their high boiling points and 
heat stability are important properties for 
many industrial applications. 


Industrial Uses 


The uses of the silicones are as varied as 
their properties. Certain of the liquids are 
used as damping fluids for instruments and 
machinery. Other liquids find application as 
special lubricants for high temperature in- 
struments, while still others are used as high 
viscosity heat transfer liquids and as heavy 
diffusion pump oils. Minute amounts pre- 
vent foaming in fuel oils—an important 
problem in Diesel engines—and also the 
foaming of aqueous solutions. The relative 
insolubility of methyl silicone oil in petro- 
leum oil may account for the success of this 
substance in suppressing foam. Silicone 
greases are used as hot valve lubricants, as 
insulating greases for electric terminals, and 
in sealed bearings. Silicone rubber gaskets 
form air seals, oil seals, and are used as dia- 
phragms in many new high temperature ma- 
chinery applications. Silicone resins serve as 
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the base for high gloss, heat resistant pajuts; 
for water repellent film for coating ceramics, 
textiles, and paper; for high temperature 
varnishes for electrical insulation; and for 
molding rigid, laminated Fiberglas-silicone 
insulation forms (1, 2). 


Toxicity 

As a result of a request of the Bureau of 
Ships, the Bureau of Medicine and Surgery 
of the Navy undertook a study which would 
show the upper limit of temperature at which 
rotating electrical equipment insulated by 
silicone could be operated with safety to the 
health of the workers (3). Silicone insulated 
electric motors were tested for periods of 96 
hours continuous operation in an airtight 
chamber under conditions intended to simu- 
late submarine operation. Since preliminary 
tests of silicone insulating materials showed 
what noxious substances were given off by 
heating, the chamber air was analyzed for 
oxygen, carbon dioxide, carbon monoxide, 
phenol, and formaldehyde. As a result, it was 
found that carbon monoxide was the only 
substance occurring in medically significant 
concentrations and that its concentration 
varied directly as the motor temperature 
and the duration of the test. With a motor 
temperature of 200° C., the air carbon mon- 
oxide concentration reached 110 parts per 
million, which gives 12 per cent carbon mon- 
oxide hemoglobin in the blood of exposed 
crew members. On the basis of these calcu- 
lations, as well as the state of health of ex- 
posed rats and human subjects, 200° C. was 
considered to be the maximum motor tem- 
perature compatible with health during pe- 
riods of exposure as long as 96 hours at this 
temperature and was not productive of car- 
bon monoxide concentrations injurious to 
health. New motors (motors not run at maxi- 
mal temperatures to effect “curing” of the 
insulating material) produced the highest 
concentrations of carbon monoxide and this 
decreased in subsequent tests as the motors 
were cured. Insulation temperatures in ex- 
cess of 300°C. maintained for even short 
periods of time constitute a hazard to health. 
Rowe (4), in a discussion of commercial sili- 
cones, concluded that these compounds have 
a low order of toxicity as a group but that 


INORGANIC SUBSTANCES 


repeated skin contact with solvent com- 
pounds should be avoided. With the vapors 
of hexamethy] disiloxane, there is a transi- 
tory conjunctival irritation in the eye, but 
no corneal damage. The finished resins and 
rubbers are inert. Recent pharmacological 
studies on silicones by Gloxhuber and Hecht 
(5) have also indicated no toxic response to 
dimethylpolysiloxane oils when adminis- 
tered orally to rats, cats, rabbits, and dogs. 
Local application to the skin caused no sen- 
sitization. 
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SILVER 


Characteristics 


Silver, Ag, atomic weight 107.88, density 
10.5, melting point 960.5° C., boiling point 
1955° C., is the most lustrous of the metals 
and ranks highest in thermal and electrical 
conductivity. It is only slightly less malle- 
able and ductile than gold. The molten metal 
dissolves 20 times its volume of oxygen un- 
der pressure of 1 atmosphere and evolves this 
oxygen on solidification. It is soluble in nitric 
acid, insoluble in dilute hydrochloric and 
sulfuric acids, but dissolves readily in boil- 
ing sulfuric acid. The silver ion is colorless. 


Industrial Uses 


During 1952, 39,419,344 ounces of silver 
were produced in the United States. Mone- 
tary use through the years has claimed the 
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largest part but this use takes the form of 
stock-piling and the silver is available to 
industry and the arts without smelter or re- 
finery preparation. The annual consumption 
for war and other essential uses was esti- 
mated to exceed 110,000,000 ounces of sil- 
ver, while jewelry and silverware used an 
estimated 20,000,000 ounces. Silver is used 
in solders and brazing alloys, photographic 
material, electrical appliances, engine bear- 
ings, military insignia, water desalination 
equipment, and for dental and medical sup- 
plies. Silver during the war was used in the 
form of heavy bus bars to conduct high am- 
perage electric current. Silver iodide smoke 
is used in rainmaking. 


Toxicity 


The condition known as argyria arises 
from the ingestion of silver salts or the in- 
halation of the dust of silver compounds and 
although the silver does not produce toxic 
symptoms in cases of this type, it can lead 
to lifelong disfigurement. Apparently the 
metal is deposited in the tissues in the form 
of insoluble salts which darken on exposure 
to light. While cases of argyria are thought 
to be rare, industrial argyria is now recog- 
nized as of increasing prevalence. Harker 
and Hunter (1) have reported six cases of 
argyria resulting from the inhalation of sil- 
ver nitrate dust. Other cases of industrial 
exposure have arisen from the polishing and 
hammering of silver, silvering glass beads, 
the manufacture of silver fulminate, and in 
silver mining. In most cases, pigmentation 
is first noted about the eyes, appearing as a 
dirty gray color; it then spreads over the 
central portion of the face. Early pigmenta- 
tion of the hands and forearms may be ob- 
served (2). Hill and Pillsbury (3) report 
that no systemic effects have been noted at- 
tributable to silver in either generalized or 
local argyria of occupational origin. How- 
ever, McLaughlin and his associates (4), in 
a report on occupational exposure among 
silver finishers, found three kinds of pigment 
present in the lungs of one case who died 
following an operation; iron oxide, a fine 
granular pigmentation due to silver; and an 
iron pigment stainable with ferrocyanide. 
Chemical examination of this lung showed 
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that ash constituted 10.17 per cent of the 
dry weight, and of this ash, 72 per cent was 
iron (reckoned as Fe.O3) and 6 per cent was 
silver (as metal). Roentgenograms of the 
chest were comparable with those found in 
electric arc welders. The X-ray changes were 
considered to be mostly due to iron oxide 
but in part to silver. Olcott and Riker (5) 
have recently investigated the efficacy of 
2,3-dimercaptopropanol (BAL) in the treat- 
ment of experimental argyrosis. These ex- 
periments indicated that BAL is incapable 
of mobilizing silver which is deposited in the 
tissues as metallic silver or silver oxide. It 
therefore seems unlikely that BAL would 
prove of value in the treatment of argyria 
in man. 


Analysis 

Silver may be readily separated from in- 
terfering substance by taking advantage of 
the insolubility of a number of its salts. 
Colorimetrically, small amounts of silver 
may be detected and determined by means 
of the reagents p-dimethylaminobenzalrho- 
danine (6) or diphenylthiocarbazone (dithi- 
zone). Neither of these reagents is specific 
for silver, however, and it is necessary to 
effect separation of the silver from a num- 
ber of interfering metals before making the 
final colorimetric determination. A colori- 
metric procedure for the determination of as 
little as 0.002 milligram of silver utilizes the 
reaction of silver and potassium cyano- 
nickelate carried out in a pyridine-ammo- 
nia-water system containing dimethylgly- 
oxime (7). The most sensitive silver lines in 
the arc spectrum of silver are those of the 
following wave lengths: 3382.9, 3280.7, 
2767.5, 2712.0, 2437.8, and 2413.2. 


REFERENCES 


1, Harker, J., and Hunter, D.: Occupational argy- 

ria. Brit. J. Dermatol. Syphilis 47: 441 (1935). 

2. Wigley, J. E. M., and Deville, P. M.: Occupa- 

es argyria. Proc. Roy. Soc. Med. 37: 648 

3. Hill, W. R., and Pillsbury, D. M.: Argyria. The 

Pharmacology of Silver. The Williams & 
Wilkins Co., Baltimore, 1939. 

4. McLaughlin, A. I. G., Grout, J. L. A., Barrie, 

J., and Harding, H. E.: Iron oxide dust 

aon AG lungs of silver finishers. Lancet 1: 337 

5. Olcott, C. T., and Riker, W. F., Jr.: Experimental 

argyrosis. II. Treatment of rats receiving gil- 


INDUSTRIAL TOXICOLOGY 


ver with 2,3-dimercaptopropanol (BAL). Sci- 
ence 105: 67 (1947). J 

6. Schoonover, I. C.: A colorimetric method for the 
quantitative determination of small amounts 
of silver by the use of p-dimethylamino- 
benzalrhodanine. J. Research Natl. Bur. Stand- 
ards 15: 377 (1935). Research Paper No. 836. 

7. Siggia, S.: Colorimetric determination of micro 
amounts of silver and silver halides. Anal. 
Chem. 19: 923 (1947). 


STRONTIUM 


Characteristics 

Strontium, Sr, atomic weight 87.63, is a 
silver-white metal of the alkaline earth 
group with a specific gravity of about 2.6 
at 20°C. It melts at 757°C., boils at 
1384° C., is malleable, ductile and burns 
brilliantly in air. Strontium salts impart a 
red color to a flame. The metal and its com- 
pounds closely resemble calcium in both 
physical and chemical properties, but the 
strontium cation is weaker and according to 
Cushny (1) less toxic. Strontium forms only 
one ion, the divalent ion. Strontium occurs 
in nature as the minerals celestite (SrSOx4), 
and strontianite (SrCO3). The metal is of 
some commercial importance and like the 
other metals of the alkaline earths it can be 
prepared by the electrolysis of the fused 
chloride. 


Industrial Uses 


The production of strontium metal and 
its alloys in the United States in 1945 was 
less than in 1944 because of a recession in the 
wartime needs for radio and radionic tubes, 
in which strontium, as well as other metals, 
are used as “getters” for the removal of re- 
sidual gases and the gases evolved during 
use. During the war, domestic celestite 
(strontium‘sulfate) was valuable as a sub- 
stitute for barite in drilling oil wells and to 
some extent in the manufacture of strontium 
chemicals. As war demands eased, barite 
became more plentiful and concurrently the 
requirements for strontium chemicals in 
tracer bullets and flares were reduced dras- 
tically. Total imports of strontium minerals 
into the United States amounted to 14,044 
short tons in 1951. In the sugar industry, the 
molasses containing some residual sugar is 
treated with a solution of strontium hydrox- 
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ide which forms a sparingly soluble combi- 
nation, strontium saccharate, C2H2201. 
2SrO. After filtering, the saccharate is sus- 
pended in water and decomposed with car- 
bon dioxide. The sugar is recovered from the 
aquous solution by concentration and crys- 
tallization. 


Toxicity 


The chemical and physiological similarity 
of the two elements, calcium and strontium, 
suggest a similarity in their metabolism in 
the body. A radioactive form of strontium 
(Sr8*) is a yaluable isotope for biological 
purposes as its half-life is 55 days, it emits 
1.5 million electron-volt beta-particles, no 
gamma-rays, and can be produced abun- 
dantly by the cyclotron. Pecher (2) recov- 
ered 58 per cent of the dose of radioactive 
calcium and 33 per cent of the dose of radio- 
active strontium in the skeleton after 24 
hours following the intravenous injection of 
salts of these metals into adult mice. The dis- 
tribution among the different tissues was al- 
most the same for the two elements. Both of 
them were concentrated in the skeleton. Up- 
take of calcium and strontium in the skele- 
ton following intravenous injection was 
found to be nearly three times as great as 
that following oral administration. A higher 
concentration was found in the trabecular 
bone than in the cortical bone. This selective 
fixation of radiostrontium in the skeleton 
and the innocuousness of small doses (3) 
make it potentially valuable for therapeutic 
bone irradiation. Strontium, when ingested, 
is excreted mostly in the feces and when in- 
jected intravenously is found in the urine 
(4). When 250 milligrams of strontium were 
injected by vein into normal persons during 
5 days, 85 to 135 milligrams were excreted 
during 7 days and 93 per cent of the amount 
excreted was found in the urine (4). Cole and 
his associates (5) report that strontium ace- 
tate, when injected intravenously into rats is 
sometimes more toxic than calcium acetate, 
although strontium proved to be less toxic 
than calcium to mice. Death usually results 
from respiratory failure with strontium and 
cardiac failure with cafcium. Parathyroid 
extract when injected both before and also 
with radioactive strontium chloride resulted 
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in a decreased retention of radiostrontium in 
the femurs, a decreased fecal excretion, an 
increased urinary excretion, and a marked 
retention of radioactive strontium in the 
kidneys (6). 


Analysis 


No very selective method for the deter- 
mination of small amounts of strontium has 
been developed, although strontium in com- 
mon with barium and calcium reacts with a 
number of substances, such as tannic acid 
and the hydroxyanthraquinones, to give a 
color. With sodium rhodizonate, strontium 
may be detected in low concentrations by 
the red color that this reagent produces with 
strontium in solution on potassium chromate 
test paper (7). This is said to respond to as 
little as 0.004 milligram of strontium in a 
concentration of 1:10,000. Sensitive arc lines 
for the spectrographic detection of stron- 
tium are 4607.34, 4215.52, and 4077.71. 
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SULFUR 


Characteristics 


Sulfur exists in several allotropic modifi- 
cations which differ from one another in 
physical properties. One form of sulfur, 
rhombic sulfur crystals, or a-sulfur, (density 
2.07 at O° C. and melting point 112.8° C.) is 
nearly insoluble in water and alcohol, but 
dissolves in carbon disulfide. Monoclinic, or 
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8-sulfur, is similarly soluble in carbon di- 
sulfide. A plastic form of sulfur prepared by 
pouring highly heated sulfur into water is 
largely insoluble in carbon disulfide. Sulfur 
is a poor conductor of electricity, ignites at 
a temperature of 363° C., and burns with a 
blue flame forming sulfur dioxide. It is a 
very active element uniting with most metals 
and nonmetals to form sulfides and is read- 
ily oxidized by a number of oxidizing sub- 
stances to sulfur trioxide which is the anhy- 
dride of sulfuric acid .Sulfur has a valency 
of 2, 4, or 6, and, accordingly, forms several 
series of compounds. 


Industrial Uses 


The production of sulfur in the United 
States attained a new record of 5,146,078 
long tons in 1952. In order of consumption, 
sulfur is used by the following industries: 
chemical manufacturing, fertilizer and in- 
secticides, pulp and paper, explosives, paint 
and varnish, dyes and coal-tar products, 
rubber, and food products. About three- 
quarters of the sulfur mined is burned and 
converted to sulfuric acid. 


Toxicity 


The most common sulfur-containing com-’ 


pounds found as contaminants of industrial 
air are hydrogen sulfide, carbon disulfide, 
sulfur dioxide, and sulfur trioxide or its hy- 
drate, hydrogen sulfate or suifuric acid. In 
sulfur mining operations, apart from expo- 
sure to sulfur dioxide following explosions of 
hydrogen sulfide said to result from ferment- 
ing organic substances, the principal expo- 
sure to sulfur is to sulfur dust. The sulfur in 
itself is inert, and by far the greater portion 
is excreted unchanged from the intestinal 
tract when swallowed. The question has fre- 
quently arisen as to the effects of inhalation 
of sulfur dust, and reference has been made 
to pneumoconiosis resulting from such ex- 
posure (1). However, Pinto and his asso- 
ciates (2), in studying operations in which 
dust was formed, such as blasting and load- 
ing elemental sulfur, have not confirmed this 
finding. Among workers exposed to appre- 
ciable amounts of sulfur dust for a period 
of 7 years, no lung lesions, which could be 
attributed to the inhalation of sulfur dust, 
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were found on X-ray examination by these 
investigators. 


Anaylsis 


Since sulfur may be present in a great 
variety of substances, such as minerals, ores, 
salts, gases, acids, insecticides, fungicides, 
and organic materials, its determination is 
commercially important. The determination 
of sulfur depends largely upon the form in 
which it is present and numerous chemical 
methods of analysis are available. For the 
detection of sulfur in organic material, fu- 
sion with metallic sodium or potassium is a 
sensitive and specific method. When the re- 
sulting sulfide is leached out and treated 
with solutions of sodium azide and iodine, 
the sulfide present catalyzes a reaction be- 
tween the two with a vigorous evolution of 
nitrogen gas. According to Feigl (3), less 
than 1 microgram of sulfur may be detected 
by this means. The estimation of sulfur as 
sulfide may be made conveniently by the 
colorimetric nitroprusside procedure. So- 
dium nitroprusside yields an intense red- 
violet coloration with soluble sulfides in solu- 
tions slightly alkaline with ammonia and 
responds to as little as 1 microgram of sul- 
fide. An excellent discussion of a variety of 
methods for the determination of sulfur and 
sulfur-bearing substances is given by Scott 
(4). 
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THE SULFUR CHLORIDES 


Sulfur Monochloride, Thionyl 
Chloride, Sulfuryl Chloride, 
and Sulfur Dichloride 


Characteristics 


The above chlorine compounds of sulfur 
are the only ones of industrial importance at 
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the present time. Sulfur monochloride, some- 
times referred to as sulfur subchloride, S2Cle, 
is a lemon-yellow to orange colored liquid, 
having a melting point of —80° C., a boiling 
point 138°C., and a specific gravity of 
1.7094. It is prepared by passing chlorine 
gas over molten sulfur and is purified by 
distillation. The vapor has a penetrating 
odor and is irritating on inhalation. The 
compound is soluble in ether, alcohol, ben- 
zene, carbon disulfide, and amy] acetate. It 
is decomposed on contact with water with 
the formation of hydrochloric acid, thiosul- 
furic acid (H2S.0O3), and sulfur. Sulfur 
monochloride has the property of dissolving 
sulfur to such an extent that the solution 
consists of a thick syrupy liquid containing 
66 per cent sulfur at room temperature. Ad- 
vantage is taken of this property in the util- 
ization of sulfur monochloride for the vul- 
canization of rubber. 

Thionyl chloride, SOClz, is a colorless, 
pungent, highly refractive liquid having a 
boiling point of 79° C., density of 1.675 at 
O° C., and a refractive index of 1.527. It is 
prepared by the interaction of phosphorus 
pentachloride and sodium sulfite or by the 
addition of sulfur trioxide to sulfur mono- 
chloride. In the latter process, a continuous 
current of chlorine is‘ passed through the 
mixture to reconvert the liberated sulfur into 
chloride which then reacts with a further 
quantity of the trioxide. The liquid fumes 
on exposure to air and has an odor somewhat 
similar to that of sulfur dioxide. When 
treated with water, it decomposes into hy- 
drochloric acid and sulfur dioxide. 

Sulfuryl chloride or sulfuryl oxychloride, 
SO.Cle, is a colorless liquid having a pungent 
odor and boiling at 69.2° C. Its melting point 
is —54.1° C. and its specific gravity at 20° C. 
is 1.667. It is decomposed by hot water into 
sulfuric acid and hydrochloric acid. It is 
soluble in acetic acid and in benzene. It is a 
smoke producing substance and was used 
for this purpose during World War I in mix- 
tures of certain toxic gases in order to make 
the toxic gas concentrations visible. Sulfuryl 
chloride is prepared by either heating chloro- 
sulfonic acid in the presence of catalysts or 
by the interaction of sulfur dioxide and chlo- 
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rine in the presence of either activated char- 
coal or camphor. 

_ Sulfur dichloride, SClo, is a reddish-brown 
liquid boiling at 59° C., melting at —78° C., 
and having a specific gravity of 1.622. It de- 
composes at 64°C. and is decomposed by 
water. It is prepared by passing chlorine into 
sulfur monochloride at 6 to 10° C. until satu- 
rated. 


Industrial Uses 


The production of sulfur monochloride 
during 1952 in the United States amounted 
to 14,198,000 pounds. Sulfur monochloride 
and sulfur dichloride, which react with un- 
saturated hydrocarbons, are used to intro- 
duce sulfur or chlorine or both into the mole- 
cule in organic syntheses. Unsaturated fatty 
acids are treated with these chlorides to pro- 
duce cutting oil bases. These sulfur chlorides 
are used in metallurgy to chloridize sulfide 
ores and are also utilized in the manufacture 
of certain phenolic resins. They also find 
extensive use in the manufacture of dye in- 
termediates, rubber substitutes, military 
gases, insecticides, and pharmaceuticals. 
Sulfur dichloride is used as a chlorinating 
agent and for this purpose may be considered 
the equivalent of chlorine dissolved in sulfur 
monochloride. 

Sulfuryl chloride is used to form organic 
chlorides, such as chloro-derivatives of phe- 
nols or of hydrocarbons or the sulfony! chlo- 
rides of hydrocarbons. It finds particular 
application in the manufacture of pharma- 
ceuticals, dye stuffs, and rubber base plas- 
tics. 

Thionyl chloride is a good chlorinating 
agent and is particularly useful because the 
products of its reactions are sulfur dioxide 
and hydrogen chloride, both of which are 
gases readily removed by heating. It reacts 
with organic acids to form either acid chlo- 
rides or anhydrides depending on the ratio 
of the acid to thionyl] chloride. 


Toxicity 

The vapors of the various sulfur com- 
pounds enumerated above are all primary 
irritants owing to the ease with which they 
decompose in the presence of moisture. The 
decomposition appears to be nearly com- 
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plete before the vapors reach the lower part 
of the respiratory tract and consequently the 
effects are noted principally in the upper 
part. The mucous membranes of the nose 
and throat are particularly affected and in 
man the irritant action on the eyes is out- 
standing. The pronounced irritant effect 
Serves to some extent as a warning agent and 
consequently industrial injuries have been 
somewhat limited except in cases of acci- 
dental contact with the liquid materials. Al- 
though the toxic effects of sulfur monochlo- 
ride and thionyl chloride have been amply 
demonstrated in animals (1), surprisingly 
few cases of industrial intoxication have 
been reported. 


Analysis 


Determination of the concentration of 
any one of the various sulfur chlorides as an 
aerial contaminant should not prove diffi- 
cult to the industrial hygienist, since these 
substances are readily hydrolyzed by water. 
Samples can be obtained by drawing known 
volumes of air through fritted glass bubbler 
bottles and the hydrochloric acid thus 
formed and neutralized may be determined 
by precipitation with silver chloride. 
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SULFUR DIOXIDE 


Characteristics 


Sulfur dioxide, SOs, density 2.264 (air = 
1), is a colorless gas possessing a character- 
istic pungent and irritating odor. At 20° Gs 
sulfur dioxide may be liquefied at a pressure 
of about 3 atmospheres. The liquid has a 
density of 1.434 at 0° C., a melting point of 
—73° C., and a boiling point of —10° C. One 
volume of water at 0° C. and 760 millimeters 
pressure dissolves nearly 80 volumes of gas, 
and the solubility at 25° C. and at atmos- 
pheric pressure is 32.8 volumes (1). Rapid 
evaporation of liquid sulfur dioxide converts 
it into a white solid having the melting point 
stated above. Sulfur dioxide does not burn 
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nor support combustion. Under the influence 
of a catalyst, it unites with oxygen to form 
the trioxide, SO3. The gas is usually prepared 
for industrial purposes by roasting metallic 
sulfides, a process which is preliminary to 
the recovery of certain metals from their 
sulfide ores. 


Industrial Uses 


Anhydrous sulfur dioxide liquefied under 
moderate pressure at room temperature is 
shipped in steel cylinders of 50 to 100 pounds 
capacity, as well as in 1-ton containers and 
in single unit 15-ton car tanks. It has been 
widely used in the liquefied state as a re- 
frigerant and in the manufacture of sulfuric 
acid. In addition to these uses, sulfur dioxide 
is used as a fungicide and for fumigation, as 
well as for bleaching wool, straw, and wood 
pulp. It is used as a reagent in a number of 
organic syntheses, such as in the preparation 
of hydroxylamine, which in turn is used in 
the manufacture of dimethylglyoxime. Sul- 
fur dioxide is also used to a certain extent 
in the refining of petroleum. 


Toxicity 


In the melting and purifying of sulfur, the 
chief industrial hazard is the production of 
sulfur dioxide which may contaminate the 
atmosphere to the extent of some 6 per cent 
(2). Occasional exposure to sulfur dioxide 
also occurs in many other industrial opera- 
tions and accidents with refrigerating ma- 
chines have sometimes resulted in massive 
exposure to sulfur dioxide gas. Enormous 
amounts of sulfur dioxide are released in 
metallurgical processes and according to 
Hewson (3), a single plant at Trail,.B. Cs 
emitted during its operation in the years 
1939 and 1940 nearly 230 tons of sulfur diox- 
ide to the atmosphere per day. A method of 
reducing atmospheric pollution by varying 
the emission of the gas with meterological 
conditions at this plant was described. As 
little as 0.001 per cent by volume may pro- 
duce coughing, since sulfur dioxide is a pri- 
mary irritant. Slightly higher concentrations 
may produce conjunctivitis, pharyngitis, 
and_ bronchitis, Pedley (4) found no in- 
creased incidence of respiratory disease in 
Canadian paper mills using the sulfite proc- 
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ess and examination of workers in other in- 
dustries, such as smelting, was also negative. 
Kehoe and his associates (5) studied the 
effects of continued exposure to sulfur diox- 
ide on a large group of workmen and found 
@ significantly higher incidence of both 
chronic and slight nasopharyngitis and an 
_ alteration in the sense of smell and the sense 
of taste. The tolerable limit of sulfur dioxide 
is about 10 parts per million and the least 
detectable odor is 3 to 5 parts per million. 
From 400 to 500 parts per million are dan- 
gerous even for short exposure. According 
to Henderson and Haggard (6), the maxi- 
mum concentration allowable for exposures 
of ¥2 to 1 hour is 50 to 100 parts per million. 


Analysis 


The detection and evaluation of sulfur 
dioxide in air, while apparently somewhat 
simple, is attended by many difficulties. 
Most methods, such as absorption in alkali 
and subsequent titration with iodine, while 
convenient, are open to a number of objec- 
tions if other aerial contaminants are pres- 
ent. However, for the determination of sul- 
fur dioxide in quantity in air, the iodine 
titration method (7) is widely used. Sulfur 
dioxide may be detected even in minute 
amounts by its reaction with zinc nitroprus- 
side. This reagent becomes more or less 
deeply red colored depending upon the 
amount of sulfur dioxide present (8). The 
test is somewhat more sensitive in the pres- 
ence of a slight amount of ammonia gas. 
Starch-potassium iodate-potassium iodide- 
glycerol test paper has been adopted in Eng- 
land as the standard method for estimating 
traces of sulfur dioxide in the atmosphere 
(9). Concentrations down to 1 part in 
250,000 can be estimated. 

A resurgence of interest in the analytical 
determination of sulfur dioxide has followed 
the current agitation against air pollution 
and “‘smog”, and efforts have been made to 
develop new methods of greater acuracy 
and convenience. Prominent in these investi- 
gations is that of Paulus and his associates 
(10). Difficulties exist not so much in labo- 
ratory procedure as in field application. The 
silica gel adsorption method of Stratmann 
(11) is of interest in this connection. 
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SULFUR FLUORIDES 
Characteristics 


Sulfur hexafluoride, SF,, is a colorless, 
stable gas, which melts at —50.8° C., sub- 
limes at —63.8° C., and has a density of 
5.106 (air = 1). The hexafluoride together 
with lower fluorides is formed when sulfur 
burns in fluorine. Commercially, molten 
sulfur is burned in a horizontal steel pipe 
in a stream of fluorine gas. The issuing gas 
consists largely of sulfur hexafluoride with 
some hydrogen fluoride and varying amounts 
of lower fluorides of sulfur, such as S2Fo, 
SF,, and S.Fyo. The impurities are removed 
by passing the gas mixture through a nickel 
tube at about 400° C., passing the gas in 
turn over copper scrap, and scrubbing with 
water and dilute alkali solution. The gas 
is finally dried over anhydrous potash or 
phosphorus pentoxide on glass wool and 
stored in steel cylinders at about 300 to 350 
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pounds gage pressure. In contrast with the 
other halogen derivatives of sulfur, the hexa- 
fluoride is chemically inert and resembles 
nitrogen in its stability: It is not decomposed 
at red heat and is only slightly affected by 
the temperature of the electric spark. Sulfur 
hexafluoride has remarkable dielectric prop- 
erties which make it useful for high voltage 
insulation. 


Industrial Uses 


The principal use of sulfur hexafluoride 
at the present time is largely related to its 
dielectric properties. It is in present use as a 
dielectric for electrostatic generators build- 
ing up potentials as high as 5.6 million volts. 
It also has possible application in high 
voltage X-ray transformers, but for this pur- 
pose the latter will have to operate under a 
high pressure. The production of sulfur hexa- 
fluoride by the combustion of sulfur in fluo- 
rine gas amounted to 1,600 pounds in 1942 
(1). It is possible that sulfur hexafluoride 
may eventually prove useful as a special 
refrigerant and as a stable high temperature 
heat transfer gas (2). 


Toxicity 


Owing to its chemical inertness no toxic 
effect would be anticipated from the inhala- 
tion of sulfur hexafluoride. However, in the 
preparation of this substance variable quan- 
tities of the lower sulfur fluorides are pro- 
duced, some of which are reactive chem- 
ically, corrosive in nature, and toxic. These 
fluorides, such as sulfur monofluoride and 
sulfur tetrafluoride, are hydrolyzed by 
water yielding hydrogen fluoride which is 
not only highly acid but is toxic as well. 
With chemically pure sulfur hexafluoride, 
however, in view of its chemical stability, 
& corresponding physiological inertness 
would be anticipated. This physiological in- 
ertness has been confirmed experimentally 
by Lester and Greenberg (3). 

Sulfur pentafluoride, SeF io, is definitely 
toxic and was found by Greenberg and 
Lester (4) to cause the death of rats follow- 
ing a relatively short exposure of 1 hour at 
10 parts per million and following 16 to 18 
hours’ exposure at 1 part per million. Lung 
injury was explained as arising from hy- 
drolysis of the compound and the experi- 
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mental work indicates that sulfur penta- 
fluoride is more toxic than phosgene. 
Sulfur monofluoride, SeF2, kills mice 
within 10 to 15 minutes on exposure to a con- 
centration of 1 per cent by volume (5). 
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SULFURIC ACID 
Characteristics 


Sulfuric acid, hydrogen sulfate, oil or 
spirit of vitriol, HeSOx, is a dibasic acid ob- 
tained by the oxidation of sulfur to sulfur 
trioxide and its combination with water to 
form the commercial acid. In its very con- 
centrated form, containing additional dis- 
solved sulfur trioxide, it is called Nord- 
hausen, oleum, or fuming sulfuric acid. 
Commercial sulfuric acid is a heavy, oily, 
colorless liquid with a density which in- 
creases rapidly to 1.85 for 100 per cent acid. 
The boiling point has no special significance 
since the solution loses sulfur trioxide and 
changes in composition until a constant boil- 
ing mixture of 98.3 per cent sulfuric acid is 
reached at 338° C. As a dibasic acid, sulfuric 
acid forms both neutral and acid salts. Two 
types of acid are manufactured commer- 
cially, the ordinary sulfuric acid made by 
the lead chamber process, and the so-called 
contact process acid made by the catalytic 
oxidation of sulfur dioxide. Sulfuric acid is 
highly corrosive to most metals and in ad- 
dition is a strong oxidizing agent and will 
react with water and organic materials with 
the evolution of heat. 


Industrial Uses 


The production of sulfuric acid in the year 
1953 in the United States amounted to 
14,002,534 short tons (1). The three greatest 
uses of sulfuric acid in that year were in 
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the fertilizer industry, in petroleum refining, 
and in the chemical and defense industries. 
Large amounts are also used in the iron and 
steel and other metallurgical industries, in 
paints and pigments, in industrial explosives, 
in rayon and cellulose film, and in the textile 
industry. Oleum is utilized in sulfonation 
processes in organic chemical manufacture 
and for increasing the ordinary strength of 
sulfuric acid to higher concentrations. 
Toxicity 

Inhalation of concentrated vapor or mist 
from hot acid or oleum may cause rapid loss 
of consciousness with serious damage to lung 
tissue (2). Repeated inhalation of mist may 
cause a chronic inflammation of the upper 
respiratory tract and chronic bronchitis. Re- 
peated contact with diluted solutions may 
cause a dermatitis. No systemic effects are 
noted. In cases of contact with sulfuric acid, 
speed in removing it is of primary impor- 
tance. The immediate application of copious 
quantities of running water to the affected 
parts must be prolonged until all traces of 
sulfuric acid have been removed. Sulfuric 
acid, in concentrated form, on contact with 
the skin acts as a powerful caustic, destroy- 
ing the epidermis, and penetrating to some 
distance into the skin and subcutaneous tis- 
sues, in which it causes necrosis. This causes 
great pain and, if much of the skin is in- 
volved, is accompanied by shock and col- 
lapse and symptoms similar to those seen in 
severe burns. Sulfuric acid owes its action on 
living tissues to its neutralization of alkalies, 
its dehydrating action, and to its precipita- 
tion of proteins. Most living tissue is neutral 
or slightly alkaline in reaction and cannot 
exist in an acid medium. In the pickling of 
metals with sulfuric acid solution, hydrogen 
is involved as bubbles of gas which carry a 
finely divided spray or mist of acid into 
the air. This mist is corrosive and irritating 
on inhalation. Furthermore, in some indus- 
trial processes sulfur trioxide is given off in 
clouds and has a similar but more irritating 
action. The fumes or mist cause an ineffec- 
tive, strangling cough and irritation of the 
mucous membranes of the eyes and upper 
respiratory tract. Severe exposure may cause 
a chemical pneumonitis. The LDso value for 
sulfuric acid mist was found by Amdur et al. 
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(3) for 1¥4-year-old guinea pigs to be 50 
milligrams per cubic meter following 8-hour 
exposure. For young animals the LD; value 
was 18 milligrams per cubic meter. Accord- 
ing to Raule (4) the atmospheric concentra- 
tion of sulfuric acid to which workers may 
be exposed should be less than 1 milligram 
per cubic meter. Erosion of the teeth due to 
exposure to strong inorganic acid fumes in 
the explosive and other industries have been 
recognized by the workers themselves for 
many years. Lynch and Bell (5) found that 
45 of 126 workers engaged in the manufac- 
ture of gun cotton in which the raw materials 
are dipped in baths containing 70 per cent 
sulfuric acid, 22 per cent nitric acid, and 8 
per cent water, showed erosion affecting 
mainly the incisor teeth. 


Analysis 


The usual methods of absorption and ti- 
tration or turbidimetric estimation as bar- 
ium sulfate may be applied to the analysis 
of air for its content of sulfur trioxide or 
sulfuric acid mist. Benzidine forms an in- 
soluble precipitate with sulfates which may 
be determined by titration in hot suspension 
with dilute alkali or by titration with bar- 
ium chloride solution using sodium rhodizon- 
ate as indicator (6). 
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TALC 


Characteristics 


Talc, HeMg3(SiO3) 4, is a natural hydrous 
magnesium silicate. The foliated masses are 
known as talc, the compact varieties as 
steatite. Soapstone and potstone are impure 
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forms of steatite. Talc is soft, easily cut or 
powdered, has a greasy or soapy feeling, a 
high resistance to acids, alkalies, and heat, 
and a specific gravity ranging from 2.6 to 
2.8. “Tale” is a term which, when used indus- 
trially, refers to a substance having certain 
physical requirements rather than to one 
which has a definite chemical composition. 
The mineral tale is a specific substance, al- 
though, as found in nature, it may be ac- 
companied by several minerals such as 
serpentine (hydrous magnesium silicate), 
dolomite (calcium magnesium carbonate), 
and tremolite (calcium magnesium silicate). 


Industrial Uses 


During 1952, 593,147 tons of tale, py- 
rophyllite, and ground soapstone were mined 
in the United States (1). Pyrophyllite, a 
hydrous aluminum silicate, is included in 
this figure since it resembles tale in certain 
physical properties and is sometimes sub- 
stituted for talc. It is used as a carrier for 
certain insecticides, such as DDT, rotenone, 
pyrethrum, and nicotine. The Eastern States 
furnish the greater of these substances and 
most of the remainder comes from Califor- 
nia and Nevada. Seven industries—paint, 
ceramics, rubber, roofing, paper, toilet prep- 
arations, and insecticides—absorb 79 per 
cent of the domestic tale. 


Toxicity 


While silica itself is the classical dust pro- 
ducing serious pulmonary fibrosis, a type of 
finer fibrosis produced by silicates has also 
been described. However, the silicates, other 
than asbestos, have received little attention 
as possible industrial hazards. Dreessen and 
DallaValle in 1933 (2) reported a fine, dif- 
fuse, bilateral fibrosis of the lungs occurring 
in workers in a tremolite tale mill and mills 
producing greenish and red slate. Although 
these minerals had a total silicon content of 
about 60 per cent, most of this was in the 
form of silicates, for the tremolite tale con- 
tained no free silica in the form of quartz, 
the green slate only a trace, and the red slate 
3 per cent. 

In a study of workers in two tale mills and 
mines in northern Georgia, Dreessen and 
DallaValle determined that there was no 
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connection between tale dust exposure and 
the high tuberculosis mortality rate in the 
county (3). However, Georgia tale appears 
to be more injurious than tremolite tale. The 
dust counts were found to be high in this 
study, averaging as much as 1,672 million 
particles per cubic foot of air in the case of 
the packermen. The pencil cutters averaged 
324 million particles per cubic foot. Only 
traces of free silica were found in this ma- 
terial. In a group of 33 men exposed to high 
dust concentrations, 16 had some form of 
pneumoconiosis. In the group exposed to low 
concentrations of dust, no pneumoconiosis 
was found. In experiments with white rats, 
Policard (4) found that the inhalation of 
tale dust for several hours daily for 12 days 
caused lung irritation and congestion. The 
lung irritation was short-lived after removal 
from exposure. Miller and Sayers (5), inject- 
ing dust intraperitoneally into guinea pigs, 
found soapstone and talc to be inert in pro- 
ducing tissue response. There has been some 
denial of the pathogenicity of such silicates 
in causing fibrosis and where cases of lung 
fibrosis have occurred these have been at- 
tributed to occasional fine particles of con- 
taminating quartz dust (6, 7). Later investi- 
gations, however, indicate more clearly that 
tale fibrosis is a clinical entity. Porro, Pat- 
ton, and Hobbs (8) report 15 cases of pneu- 
moconiosis definitely attributed to tale dust 
and Siegel and his associates (9) describe 
32 cases of advanced fibrosis in 221 tremolite 
talc miners. The pathology of tale pneumo- 
coniosis, including a report of an autopsy, 
is described by Porro and Levine (10).Ina 
group of 107 men who had worked with 
tremolite tale for 10 years or longer, Green- 
burg (11) found the incidence of fibrosis to 
be 29.9 per. cent. An interesting instance of 
rapid development of talcosis has been re- 
ported by Alivisatos et al. (12) in a mill 
where the tale dust concentration was un- 
usually high. 


Analysis 


Tale resembles muscovite and pyrophyl- 
lite microscopically but may often be distin- 
guished by its smaller axial angle provided 
an interference figure can be obtained. Bire- 
fringence is very small, n, — nz = 0.050. 
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The maximum interference colors are upper 
third order. Extinction is parallel to the 
cleavage traces in most sections. It may be 
necessary to make chemical or microchemi- 
cal tests in order to prove the identity of tale. 
The analysis of dust for its tale content apart 
from the microscopic identification of the 
constituents is somewhat difficult and re- 
quires the usual type of silicate analysis 
applied to rocks (13) for its investigation. 
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TANTALUM 


Characteristics 


Tantalum, Ta, atomic weight 180.88, is 
an iron-gray metal capable of taking a good 
polish and is sufficiently hard to scratch 
glass. It has a density of 16.6 and a melting 
point of 2850° C. The metal is insoluble in 
mineral acids, including aqua regia, but is 
attacked by fused alkalies. Its resistance to 
chemical action at ordinary temperature, in 
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spite of its electropositive character, has 
made the metal important to chemical man- 
ufacturing processes in which platinum or 
other expensive metals had heretofore been 
used. The metal, although very hard, may be 
rolled or hammered and drawn into wire. 
Tantalum instruments may be cleaned in 
acids, sterilized and boiled in soda water. 
They do not rust but retain their polished 
surface even in a damp atmosphere. 


Industrial Uses 


Owing to its great hardness, which is equal 
to that of the best steel, and to its unequalled 
toughness and ductility, tantalum is be- 
coming important not only to the chemical 
industry but in many places where these 
properties are especially useful. Tantalum 
electrolytic rectifiers are used for railways 
and other industrial applications. The 
“valve action” property of the metal makes 
it useful for electrolytic condensers. Tanta- 
lum has been found to be especially useful 
for various types of short wave and ultra 
high frequency radio tubes and for use in 
the chemical manufacture of hydrochloric 
acid and in the purification of bromine and 
phenol. 

Thé total amount of tantalum ore im- 
ported or mined for consumption in the 
United States in 1951 amounted to 238,445 
pounds. The metal is used in radar and other 
electronic tubes, neon tubes, lamp filaments, 
electrolytic cathodes, surgical and dental in- 
struments, nozzles, spinnerets for synthetic 
textiles, electrical contacts, and temperature 
control apparatus, and as tantalum fluoride 
for a catalyst in butadiene manufacture. 
Tantalum oxide is a component of silica- 
free optical glass, having a very high refrac- 
tive index and low dispersion. The carbide 
of tantalum is hard and is being used in- 
creasingly alone or in combination with the 
carbides of tungsten and titanium in steel 
cutting tools and dies. The increasing im- 
portance of tantalum in the chemical indus- 
try is due to its high heat transfer rate. The 
latter is not due to high thermal conduc- 
tivity, which is about the same as steel, but 
to the use of extremely thin wall construc- 
tion (0.013 to 0.020 inch) permitted by its 
unique corrosion resistance (1). 
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Because of its strength and corrosion re- 
sistance property and the fact that it pro- 
duces no biological stimulation in contact 
with living tissues, tantalum is of particular 
use in surgery both for sutures and for skull 
plates (2, 3). The importance of tantalum 
in surgery is stressed by Olsen (4), who has 
also made the interesting finding that tanta- 
lum foil dressing, as well as tantalum oxide, 
is useful over burned areas, particularly in 
the case of hydrofluoric acid burns. 


Toxicity 

So far no experimental work has been 
reported which indicates that tantalum or 
its compounds produce any unfavorable ef- 
fects. Experimental work reported by Car- 
ney (5), in fact, shows that tantalum metal 
embedded in the abdominal wall and in 
bones of dogs caused no physiological dis- 
turbance. The use so far of tantalum in 
surgery has received favorable comment. 
Tantalum oxide dust has been shown experi- 
mentally to be nonfibrogenic (6). 


Analysis 

The close chemical similarity between 
tantalum and columbium makes the indi- 
vidual identity of either of these substances 
somewhat difficult. A minute fragment of 
the oxide will give a violet to blue coloration 
to microcosmic salt with columbium, but 
tantalum oxide dissolves in the bead and im- 
parts no color to it. On acidifying a solution 
of a soluble tantalate and adding tannin, a 
slight yellow precipitate is obtained, 
whereas in the case of a columbate, the 
colors are orange-red or a very faint blue. 
Tantalum and columbium can be separated 
by taking advantage of the marked differ- 
ence between the solubilities of their double 
fluorides. The solubilities of the tantalum, 
titanium, and columbium fluorides are of the 
ratio 5:12:17. Schoeller’s method for the 
separation of these metals is based upon the 
fractional precipitation of the oxalate solu- 
tion by tannin (7). 


REFERENCES 


1. Anon.: Tantalum takes it. Chem. Eng. News 
34: 182 (1956). 

2. Burke, G. L.: The corrosion of metals in tissues 
and an introduction to tantalum. Can. Med 
Assoc. J. 48: 125 (1940). 


INDUSTRIAL TOXICOLOGY 


3. Pudenz, R. H.: The repair of cranial defects 
with tantalum. J. Am. Med. Assoc. 121: 478 


(1943). ; 

4. Olson, C. T.: Place of tantalum in surgery. Ind. 
Med. 13: 917 (1944). 1 

5. Carney, H. M.: An experimental study with tan- 
talum. Proc. Soc. Exptl. Biol. Med. 61: 147 

1942), 

6. ents G. W.H.: The biological action of tan- 
talum oxide. Arch. Ind. Health 12: 121 (1955). 

7. Schoeller, W. R.: The Analytical Chemistry of 
Tantalum and Niobium. Chapman and Hall, 
Ltd., London, 1937. 


Burch, J .N.: Stratosphere metals. Natl. Safety 
News 52: 12 (Sept. 1945). 


TELLURIUM 


Characteristics 


Tellurium, Te, atomic weight 127.61, is, 
in pure crystalline form, a silver-white sub- 
stance with metallic luster and with more 
pronounced metallic properties than the 
other elements belonging to this group. It 
has a density of 6.4, a melting point of 450° 
C., and a boiling point of 1390° C. Although 
semi-metallic, it is the poorest electrical 
conductor of any of the metals. Like the 
other elements of its group, it exists in a 
number of allotropic modifications of which 
the metallic form is.insoluble in carbon di- 
sulfide. Tellurium burns more readily than 
selenium and forms tellurium dioxide, TeOs, 
which does not unite readily with water but 
which dissolves in alkali to form tellurites. 
Like the other hydrides of the sulfur group, 
tellurium hydride is gaseous at ordinary 
temperatures, has a very disagreeable odor, 
and is extremely toxic. Tellurium is a poor 
conductor of heat and its electrical conduc- 
tivity, unlike that of selenium, is indepen- 
dent of the degree of illumination. 


Industrial Uses 


The production of tellurium in the United 
States in 1951 amounted to 160,933 pounds, 
while in 1945 its production was only 80,750 
pounds (1). However, producers’ stocks 
steadily increased through the war period. 
Heretofore, the principal use of tellurium 
has been in rubber compounding, in which 
it is stated that tensile strengths are main- 
tained at elevated temperatures and par- 
ticularly good resistance to heat and aging 
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is also obtained. More recently it has at- 
tained commercial importance from _ its 
property of hardening lead which also im- 
proves the resistance of this metal to acids. 
Minute amounts added to cast iron increase 
the chill depth hardness and resistance to 
some acids. Although the amount of tellu- 
rium used in making a ton of chilled iron is 
small, the production of chilled car wheels 
makes the potential requirement for tellu- 
rium in the iron industry quite large (2). 
Tellurium is added to stainless steels to im- 
prove machineability and does not impair 
their corrosive resistance. Tellurium also 
increases the machineability of commercial 
bronze and is useful in alloys with tin, silver, 
and magnesium. 


Toxicity 


Cases of tellurium poisoning were re- 
ported as early as 1920 by Shie and Deeds 
(3) and resulted from exposure to tellurium 
fumes encountered as an impurity in and 
around blast furnaces in a silver refinery. 
Seven of the 13 men examined showed evi- 
dence of tellurium absorption as indicated 
by garlic odor to breath and urine, suppres- 
sion of sweat, dryness of the mouth, and 
metallic taste. Three of these had a dry, 
itching skin, anorexia, nausea, some vomit- 
ing, and some degree of depression or som- 
nolence. Similar findings were reported in a 
much more recent case of industrial expo- 
sure to tellurium by Steinberg and his as- 
sociates (4). 

Keall and his associates (5) report three 
cases of accidental poisoning resulting from 
the mistaken administration of sodium tel- 
lurite for sodium iodide during retrograde 
pyelography. In two of these cases, death 
occurred after approximately 6 hours. The 
symptoms in order of their appearance were 
cyanosis, vomiting, loss of consciousness, 
and death. Elemental tellurium is less toxic 
by mouth than the soluble tellurium salts 
as shown by the experiments reported by De 
Meio (6). Rats show definite toxic effects 
when fed tellurium dioxide, whereas those 
fed elementary tellurium show practically 
no effects. Pathological studies indicate that 
tellurium is necrotizing to hepatic paren- 
chyma and the tubular epithelium of the 
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kidneys. Amdur (7) has recently reported 
the successful treatment of three cases of 
tellurium poisoning with 2 ,3-dimercapto- 
propanol (BAL). Because of the restricted 
use of tellurium, severe cases of industrial 
injury due to exposure to tellurium or its 
compounds, apart from those noted above, 
have not been reported in the literature of 
industrial hygiene. 


Analysis 


Tellurium resembles selenium in its pre- 
cipitability with hydrogen sulfide. Tellurium 
compounds are reduced by such substances 
as hydrazine chloride, dextrose, tartaric 
acid, and sulfur dioxide. Falciola (8) claims 
to have detected 1 part tellurium in 500,000 
parts of solution by spot testing with thio- 
carbamide, which forms a yellow crystal- 
line complex which is soluble in ethyl alcohol 
but insoluble in other organic solvents. Pyr- 
idine has been advocated as reagent for 
the gravimetric determination of tellurium 
(9), while Hecht and John (10) obtained 
good results in determining 0.1 to 5.0 milli- 
grams of tellurium by precipitation with 
hexamethylenetetramine. Setterlind (1942) 
has devised a photometric procedure for the 


determination of tellurium in air samples 
(11). 
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THALLIUM 


Characteristics 


Thallium, Tl, atomic weight -204.39, den- 
sity 11.85, melting point 303.5° C., boiling 
point 1650° C., reminds one of lead in its 
color, softness, high density, and low melt- 
ing point. Thallium dissolves readily in ni- 
tric and sulfuric acid but not as readily in 
hydrochloric acid. Thallium forms two series 
of compounds and has valences of 1 and 3. 
Thallic compounds decompose, in general, 
upon heating, with the formation of the 
thallous compounds. Thallium salts color 
the nonluminous gas flame an emerald green 
and the thallium spectrum has a character- 
istic green line in the visible region. All thal- 
lium salts are cumulative poisons. 


Industrial Uses 


Based on estimates furnished by the Fish 
and Wildlife Service, domestic requirements 
for thallium sulfate would be about 7,500 
pounds for the fiscal year beginning July 1, 
1946. In the United States, the metal is re- 
covered as a by-product in the reduction of 
cadmium, while in Canada, it is recovered 
from the dusts arising from the treatment 
of zinc ores or scrap. Most of the metal in 
industry is converted to thallium sulfate, 
which is used as a rodenticide and for the 
extermination of ants and some other in- 
sects. In the optical glass industry, thallium 
is used for the manufacture of lenses, since 
the salts of thallium are characterized by 
their unusually high refracting power. It 
also has some application together with bar- 
ium in the manufacture of phosphorescent 
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colors. However, thallium salts also have 
various uses in industry and in medicine, in 
alloys as a chemical catalyst, a fungicide, 
in photoelectric cells, in glass manufactur- 
ing, dye and color manufacturing, in the 
manufacture of fireworks, and as a depila- 


tory. 
Toxicity 

Thallium is well recognized as a very 
toxic substance (1, 2). The therapeutic use 
for children of thallium acetate as a tempo- 
rary depilatory in ringworm of the scalp 
has repeatedly caused severe poisoning. A 
number of cases of suicide or murder have 
been reported, as well as accidental cases, 
many of which proved fatal (3, 4). Most of 
these cases resulted from ingested rodenti- 
cides or insecticides containing thallium sul- 
fate. In acute fatal cases following ingestion 
of a large dose, symptoms are gastrointes- 
tinal colic, vomiting, trembling, convulsions, 
followed by a motor paralysis, dyspnea, and 
collapse (5).-The production of lenses and 
windows from the fused halides of thallium 
—the technical development of which is still 
in the experimental stage—has recently been 
investigated by Sessions and Goren (6), who 
have made recommendations for medical 
and general hygienic control of exposure to 
thallium dust and fumes. These investiga- 
tors report that thallium is not quickly 
eliminated from the body and therefore ab- 
sorption of subtoxic amounts can build up 
to a toxic quantity over a period of time. It 
is considered to be more toxic than lead and 
almost as toxic as arsenic. Industrially, thal- 
lium compounds may be absorbed by inhala- 
tion of dusts and fumes, absorption through 
the mucous surfaces from contact with thal- 
lium in any of its physical states, and inges- 
tion, as when individuals indulge in smok- 
ing and eating during the handling of these 
materials. Overexposure in industry may re- 
sult in gastrointestinal symptoms, such as 
loss of appetite, gingivitis, stomatitis, nau- 
sea, vomiting, and diarrhea, followed by 
constipation. Other toxic effects frequently 
observed are fatigue, pain in the limbs, fall- 
ing out of the hair, severe eye affection, in- 
flammation of the kidneys, albuminuria, 
polyneuritis, lymphocytosis, and eosino- 
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philia. Dermatologic disturbances have been 
reported, such as erythemas and rashes. 
Symptoms referable to injury of the central 
nervous system, including restlessness, 
sleeplessness, excitement, and dementia, 
have been observed due to therapeutic over- 
dosage. There is no known specific treat- 
ment for thallium poisoning. Sessions and 
Goren have made recommendations for med- 
ical and general hygienic control of expo- 
sure to thallium dust and fume (6). 


Analysis 


Thallous salts resemble lead salts in many 
of their chemical properties, the iodide, chlo- 
ride, and chromate being but sparingly 
soluble. The sulfide is insoluble in ammonia. 
Separation, both as the iodide and as the 
cobaltinitrite, has been used for the quanti- 
tative determination of thallium but neither 
is highly accurate. A new method has re- 
cently been developed for the titration of 
thallous salts with potassium permanganate 
in cold solutions in the presence of the fluo- 
ride ion (7). Small amounts of thallium may 
be detected by the blue color formed with 
benzidine in ammoniacal solution. Thallium 
is readily identified spectrographically, the 
most sensitive arc lines being 5350.47, 
3775.73, and 3519.21. A polarographic pro- 
cedure for urinary thallium has been de- 
veloped by Winn and his associates (8). 
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THORIUM 


Characteristics 


Thorium, Th, atomic weight 232.12, oc- 
curs chiefly in monazite sand and in the 
mineral, thorite. The metal is usually ob- 
tained as a gray, amorphous or crystalline 
soft mass which burns readily in air to tho- 
rium oxide. In color, softness, and ductility, 
thorium resembles platinum. The density 
of thorium is 11.2 and the melting point is 
variously given as 1700° to 1845° C. It is 
insoluble in alkalies and in ordinary mineral 
acids but it is soluble in aqua regia. Thorium 
is a radioactive element which disintegrates 
into a series of other radioactive elements. 
Mesothorium, which is one of the disintegra- 
tion products of thorium, is a radioactive 
isotope of radium and is used in luminous 
pigments and medicinally for its emanation 
product. Thorium dioxide appears to possess 
no acid properties even on fusion with alka- 
lies and in this respect differs from other 
members of the thorium group. Thorium hy- 
droxide is readily soluble in acids. Mixtures 
of thorium and certain other oxides, when 
heated to a high temperature, exhibit a 
bright luminescence. 


Industrial Uses 


Although the incandescent gas mantle was 
more important formerly than at present, 
a significant amount of thorium is handled 
industrially at the present time, not only 
for the manufacture of gas mantles, but as 
a catalytic agent, in ceramics, in electrodes 
for carbon arc lights, and in certain pharma- 
ceutical preparations. Thorium dioxide, 
which is a white, amorphous, insoluble pow- 
der, is used in stabilized suspension under 
the name of “Thorotrast” for retrograde 
pyelography and for roentgen visualization 
of the liver and spleen following intravenous 
administration. 


Toxicity 
Thorium and its salts are only slightly 


poisonous. However, thorium belongs to the 
group of radioactive substances and several 
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recent references point out the danger of 
continued contact with thorium compounds 
(1-4). In the manufacture of gas mantles, 
a mixture of thorium and cerium nitrates in 
the proportion of 99 to 1 is used and from 
1 to 2 per cent of sulfuric acid is invariably 
added, since this produces a soft, voluminous 
ash from six to ten times as bulky as that 
obtained from the pure nitrate alone. A 
small amount of beryllium nitrate is usually 
introduced, which tends to increase the hard- 
ness of the mantle. The woven material is 
treated with this solution, dried, and coated 
with collodion. In the process of preparing 
these mantles, workers have contracted a 
form of diffuse dermatitis first described in 
this industry by Friedlander (5). A later 
case also described by Friedlander presented 
much the same features with additional 
swelling of the hands and formation of deep 
cracks. Beyond these purely local effects, 
no cases of poisoning from contact with tho- 
rium compounds in industry have been re- 
ported. However, the danger of lung cancer 
in man following the administration of 
“Thorotrast” for retrograde pyelography 
and for roentgen visualization of the liver 
and spleen by intravenous administration 
has been referred to by Bauer (6), and car- 
cinogenic effects of thorium following the 
administration of thorium compounds have 
been pointed out by Roussy and Guerin (7). 
The Journal of the American Medical Asso- 
ciation, 1937 (8), has editorially pointed out 
the potential hazards of the diagnostic use 
of thorium dioxide. Stenstrom and Vigness 
(9) have shown that certain radioactive ele- 
ments in the thorium series have been found 
in the feces, urine, and breath of two pa- 
tients 6 and 7 years after the intravenous 
injections of “Thorotrast”. Thorium-x was 
found in the feces and thoron in the breath 
in these cases. Splenitis, damage to the liver 
and spleen, and fibrotic changes in regional 
lymph nodes have also been reported fol- 
lowing the clinical or experimental use of 
thorium dioxide (10, 11). It should be 
pointed out that in the above discussion 
mesothorium has not been referred to. This 
substance, which is extensively used in the 
painting of watch and clock dials, is well 
known to produce severe and fatal injury 
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(12). However, it is of interest that Evans 
and Goodman (13), in a recent article on 
the thoron content of air and its relation to 
lung cancer, give data for the thoron content 
of air in a mantle manufactory, which 
ranged from 23 to 400 times the recom- 
mended value of 1071! curies per liter of air 
for safe working conditions. 


Analysis 


Thorium resembles the rare earths in its 
analytical reactions and can be separated 
from the common metals as oxalate or fluo- 
ride. Although a number of organic reagents 
react to give a color with thorium salts, none 
of these is specific. However, by careful sep- 
aration of thorium from conflicting mate- 
rials, colorimetric estimations may be made 
with some degree of accuracy by means of 
alizarin (14). New titrimetric methods for 
thorium have recently been described by 
Banks and Diehl (15). Picrolonic acid pre- 
cipitates thorium quantitatively as thorium 
picrolonate and may be used for the gravi- 
metric estimation of this metal. It has the 
disadvantage, however, of forming a col- 
loidal solution difficult to filter. Hecht and 
Ehrmann (16) have shown that thorium 
may be more simply and rapidly determined 
by precipitation as Th(CygHgON),.C,H;,O0H 
by means of 8-hydroxyquinoline. Ryan and 
his associates (17) have developed a gravi- 
metric method for the separation of thorium 
and uranium by means of ferron (7-iodo-8- 
hydroxyquinoline-5 sulfonic acid). Deter- 
mination of the thoron content of air may 
be made by the method of Goodman and 
Evans (18). 
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TIN 


Characteristics 


Tin, stannum, Sn, of atomic weight 118.70, 
melting point 231.8° C., and boiling point 
2260° C., is a silver-white lustrous metal 
which exists in three allotropic modifica- 
tions.The form of tin which is stable at or- 
dinary atmospheric temperature consists of 
tetragonal crystals (density 7.29). These 
crystals at low temperatures pass more or 
less rapidly into brittle gray tin (density 
5.85) and at temperatures over 170° C. they 
undergo transition into brittle rhombic crys- 
tals (density 6.56). Tetragonal or white tin 
is harder than lead but softer than gold, is 
very malleable, and may be rolled into thin 
sheets (tin foil). It is very resistant to cor- 
rosion and remains bright in moist air at 
ordinary temperatures. Cold dilute hydro- 
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chloric and sulfuric acid have very little ac- 
tion on tin but concentrated hydrochloric 
acid dissolves it readily. Tin forms two 
series of compounds—stannous and stannic. 
The tin-organic compounds are derived 
mainly from tetravalent tin. 


Industrial Uses 


While the world production of tin reached 
& value of 176,000 long tons in 1939, its pro- 
duction in 1945 was 87,000 long tons, near 
the low point of this century. The consump- 
tion was seriously curtailed at the beginning 
of the war and a number of substitutes were 
necessarily devised to meet the critical situ- 
ation. Forty-seven per cent of the consump- 
tion of virgin tin enters into the production 
of tin plate and 20 per cent into the produc- 
tion of solder. White-base bearing alloys, 
bronze, brass, and tin foil also account for 
the use of large quantities of tin. Our war 
experience indicated that tin is practically 
an indispensable metal. Consumption of tin 
in the United States amounted to 85,640 
long tons in 1953. 
Toxicity 

Tin is one of the least toxic of the com- 
mon metals when ingested in the form of its 
salts. Relatively large quantities can be dis- 
solved from acid materials preserved in tin 
cans without conferring any taste or flavor 
to food materials and without producing in- 
jury on ingestion. In an investigation made 
by Schwartze and Clarke, United States De- 
partment of Agriculture (1), four individ- 
uals were fed canned pumpkin over a period 
of 5 days during which they ingested as 
much as 2.75 grams of tin. The quantity of 
tin absorbed was small and no adverse ef- 
fect was noted. The intravenous injection 
of stannic and stannous salts in animals in- 
dicates that the organs tolerate relatively 
high concentrations of tin and that the in- 
jected tin is rapidly excreted (2). The inha- 
lation of tin oxide dust over a long period 
may result in the production of pseudo nodu- 
lation in the lung fields—benign nonspecific 
pneumoconiosis. The roentgen findings in 
the case presented by Pendergrass and Pryde 
(3) simulate those found in silicosis or bari- 
tosis. While tin is excreted to some extent 
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in the urine, the fecal excretion accounts for 
the greater part of the amount of tin salt 
ingested (4). Tin has been shown to exert a 
favorable effect on the growth of vertebrate 
organisms (5). Pe 

Exposure to tin tetrachloride (boiling 
point 114.1° C.), which occurs to some extent 
in industry, may cause irritation due to the 
caustic nature of the acid resulting from 
local hydrolysis. Pedley (6) investigated 
the possibility of injury following exposure 
to this substance and showed that concentra- 
tions as high as 3 milligrams per liter are 
well tolerated by guina pigs and that daily 
exposures to this concentration produce no 
evidence of poisoning beyond transient irri- 
tation of the nose and eyes. On the other 
hand, certain organic compounds of tin, such 
as tin tetramethyl, have been found to pro- 
duce delayed encephalopathy (7) and tin 
tetrahydride has been stated by Schiibel (8) 
to be more toxic even than arsine. No in- 
dustrial exposure to tin tetrahydride has 
been reported. 


Analysis 

The determination of small amounts of 
tin has always been somewhat of a problem. 
Cacotheline (nitrobruciquinone hydrate) 
has been advocated for this purpose (9) but 
is somewhat unsatisfactory. The violet color 
produced is not specific for tin and many 
metals invalidate the test. Clark (10) has 
found that a number of substituted ben- 
zene-o-dithiols are specific reagents for the 
colorimetric determination of tin. 4-Methyl- 
1:2-dimercaptobenzene and 4-chloro-1:2- 
dimercaptobenzene are both reagents which 
are specific and delicate tests for tin. Sen- 
sitive arc lines for the spectrographic deter- 
mination of tin are 3801.0, 3262.3, 3009.1, 
2863.3, 2706.5, and 2429.5 (11). 
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TITANIUM 


Characteristics 


Titanium, Ti, atomic weight 47.9, melting 
point 1725° C., boiling point 3000° C., and 
density 4.5, is a metal but in its chemical 
properties it shows many similarities to sili- 
con. The reduced metal is either a gray me- 
tallic powder or a mass resembling steel. In 
its compact form, titanium is a hard metal 
with a brilliant white luster. It is brittle in 
the cold but can be forged at a dull red heat 
(1). It burns in air with extreme brilliance, 
burns in nitrogen at 800° C., and decom- 
poses steam at the same temperature. When 
heated with carbon in an are furnace, it 
forms a definite carbide. It ranks eighth 
among the metals in order of abundance in 
igneous récks and the amount in the earth’s 
crust is estimated at 0.43 per cent. The most 
important titanium ores are ilmenite, 
FeTiO3, and rutile, TiOs. Titanium forms 
compounds in which it has the oxidation 
status of +2, +3, and +4. The pure dioxide 
is white but natural rutile is usually brown 
or black. The fused oxide is difficult to dis- 
solve but the hydrated forms dissolve read- 
ily in acids and slightly in alkalies. How- 
ever, the chemistry of the titanium minerals 
is essentially that of an acid oxide. The oxide 
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fused with metal oxides or carbonates yields 
titanates. The properties of titanium com- 
bine the properties of stainless steel with 
those of strong, light aluminum alloys and 
are different and individualistic in compari- 
son with those of other metals. Increasing 
industrial utilization will probably follow 
as metallurgists adapt its idiosyncrasies to 
specific needs. Titanium metal is prepared 
by the chlorination of titanium dioxide and 
its subsequent reduction by molten magne- 
sium (2). 


Industrial Uses 


The consumption of titanium ore in the 
United States in 1945 was divided between 
ilmenite, having an estimated Ti02 content 
of 381,178 short tons and rutile, with a Ti02 
content of 9,144 short tons. Production, of 
titanium concentrates in 1953 amounted to 
522,514 short tons. Of the ilmenite, 98 per 
cent was manufactured into pigments while 
the remainder was used in alloys and ce- 
mented carbides. Welding rod coating con- 
sumed 80 per cent of the rutile supply and 
nearly all of the remainder was used in 
alloys and carbides. The use of titanium 
pigments increases at the expense of both 
lithopone and white lead because of its ex- 
ceptionally high hiding power, its extreme 
whiteness, and its durability. The 1945 sales 
distribution pattern for titanium pigments 
shows that 75 per cent was used for paint, 
varnish, and lacquer; 10 per cent for paper; 
2 per cent each for floor coverings and rub- 
ber; 1% per cent each for welding rod coat- 
ings and for textiles; and 8 per cent for other 
uses (3). Titanium, as a deoxidizer and 
scavenger, is one of the best purifying agents 
for the production of steel and cast iron. A 
small amount in steel tends to reduce brit- 
tleness and increase the durability of the 
product. Titanium carbide is a constituent 
of certain cemented carbides used as cutting 
tools. Titanium tetrachloride was used as a 
screening smoke during both World Wars. 
In World War II, a protecting film of cold 
cream containing titanium dioxide was used 
on exposed parts of the body to prevent 
flash burns. The unusual dielectric proper- 
ties of titanates make these compounds of 
interest in the electrical industry. 
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Toxicity 

In 1930, Carozzi (4), after reviewing the 
literature of titanium, concluded that be- 
cause of its chemical inertia, titanium oxide 
is not toxic. In a study of the distribution of 
titanium in the organs of man, the titanium 
content for 17 different portions of a human 
body was found to range between 1¥2 and 
10 micrograms per 100 grams (5). In an 
earlier investigation, Lehmann and Herget 
(6), upon feeding titanium oxide to animals 
for periods up to 16 months, had been unable 
to find any titanium in the organs. Histo- 
logical study showed the organs to be nor- 
mal. These investigators concluded that ti- 
tanium dioxide is not absorbed by the body 
and that it does not exercise any toxic effect. 
A complete absence of toxicity was found 
by Vernetti Blina (7) upon exposing dogs 
to the oxide by the respiratory, digestive, or 
subcutaneous routes. He also examined 
workmen employed in closed workshops on 
operations which gave off titanium oxide 
dust, and although the men were examined 
radiologically, as well as clinically, he was 
unable to find any appreciable lesions. 
Déribéré (8) describes the various salts of 
titanium in relation to solubility, acidity, 
and action on the skin. He advocates their 
use therapeutically for various skin condi- 
tions and for conditions affecting the teeth, 
such as gingivitis. It is difficult, however, 
to reconcile this alleged therapeutic action 
with the almost complete lack of physio- 
logical activity of titanium compounds in 
general. 
Analysis 

Titanium reacts with a number of sub- 
stances, either to produce a coloration or an 
insoluble precipitate, either of which may 
be used for its final evaluation. Care must 
be used in its separation in order to avoid 
loss and the separation is usually more com- 
plete in the presence of a small amount of 
iron. The separation of titanium from iron 
can be made by double precipitation of fer- 
rous sulfide in the presence of ammoniacal 
tartrate. With alizarin, titanium gives a 
violet color; in ammoniacal solution and 
with chromotropic acid it gives a red-brown 
color. In the presence of sodium acetate, a 
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yellowish to red-brown color is formed with 
gallic acid. In neutral or slightly acid solu- 
tion, titanium develops a yellow-red color 
with pyrocatechol and a red to reddish- 
yellow color with thymol (9). According to 
Sandell (10), the reaction with thymol for 
the determination of titanium is more sen- 
sitive than the hydrogen peroxide method 
which has long been a standard colorimetric 
method for this element. Sensitive arc lines 
for the spectrographic identification of ti- 
tanium are 3998.64, 3989.76, 3372.80, 
3371.36, and 3341.87. 
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TUNGSTEN 
Characteristics 


Tungsten, W, atomic weight 183.92, den- 
sity 19.3, boiling point 5930° C., has a melt- 
ing point of 3370° C., which is higher than 
that of any other metal. Tungsten forms a 
number of oxides, of which the more impor- 
tant are WOz2 and WOs. The former (WOz) 
is a brown powder readily obtained by heat- 
ing the canary yellow WO; to dull redness 
in a stream of hydrogen. By igniting this 
strongly in a stream of hydrogen, metallic 
tungsten, which is stable in air, is obtained. 
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The tensile strength of the drawn wire ex- 
ceeds that of any other metallic substance. 
Tungsten form carbides, W2C and WC, 
when the powdered metal intimately mixed 
with carbon is heated in an atmosphere of 
hydrogen in an electric furnace. 


Industriel Uses 


The consumption of tungsten ore and con- 
centrates in the United States amounted to 
14,900 short tons in 1945 as compared with 
20,100 short tons in 1944. Of the total con- 
sumed in 1945, 50 per cent was converted 
to ferrotungsten, the form in which most of 
the tungsten is introduced into steel. How- 
ever, 13 per cent was added directly to the 
steel bath in the form of tungsten concen- 
trates. The tungsten-metal powder industry 
consumed the greater part of the remainder, 
although tungsten is also used in special 
tungsten alloys and in such chemicals as 
sodium tungstate, tungstic oxide, tungstic 
acid, and ammonium paratungstate. Metal- 
lic tungsten filaments are used in incandes- 
cent lamps and in radio tubes. Tungsten is 
an important metal in the manufacture of 
cemented tungsten carbide cutting tools and 
dies. This substance cemented in a matrix of 
metallic cobalt has a hardness approaching 
that of the diamond and, at the present time, 
the cemented tungsten carbide tool manu- 
facture is one of the key industries in the 
United States. 


Toxicity 


Exposure to tungsten in industry is re- 
lated chiefly to the dust arising from crush- 
ing and milling of the two chief ores, namely, 
scheelite and wolframite. The preparation 
and use of powdered tungsten in “powder 
metallurgy” and the preparation of ce- 
mented tungsten carbide tool tips necessarily 
cause some exposure to tungsten dust. Ex- 
posure to tungstic oxide dust also occurs in 
the production and drying of this substance. 
Although very little has been published with 
reference to the toxicity of tungsten in gen- 
eral, Karantassis (1) regards tungsten as 
more toxic than molybdenum on the basis 
of ingestion and injection experiments. The 
feeding of 2 per cent, 5 per cent, and 10 per 
cent tungsten metal over a period of 70 days 
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has been shown to be without marked effect 
upon the growth of rats as measured in 
terms of gain in weight (2). When sodium 
tungstate was injected subcutaneously into 
66-day-old rats after a 24-hour starvation 
period, the median lethal dose (LD50) was 
found to lie between 223 and 255 milligrams 
(equivalent to 140 to 160 milligrams of tung- 
sten) (3). Ammonium paratungstate upon 
ingestion has been found to be much less 
toxic to rats than either tungstic oxide or 
sodium tungstate (4). Prolonged feeding ex- 
periments with metallic tungsten and a num- 
ber of its compounds, recently reported by 
Kinard and Aull (5), indicate that the chief 
sites of deposition of tungsten were the bones 
and spleen with smaller amounts in the kid- 
ney and liver. Only traces were found in 
other tissues. 

Recent experimental work in the Indus- 
trial Hygiene Division of the U. S. Public 
Health Service has failed to indicate any 
serious toxic effect following the inhalation 
or ingestion of various tungsten compounds, 
although heavy exposure to the dust or in- 
gestion of large amounts of the soluble com- 
pounds produces a certain amount of mor- 
bidity and mortality. According to Lundgren 
and Swensson (6) intraperitoneal injection 
tests with animals failed to disclose any fi- 
brogenic activity attributable to tungsten. 


Analysis 


While the analytical determination of 
tungsten has been based on a number of 
organic reagents, such as benzidine, cin- 
chonine hydrochloride, and tannic acid, none 
of these methods is particularly satisfactory. 
The thiocyanate-stannous chloride method 
as modified by Aull and Kinard (7) may be 
used to determine minute amounts of tung- 
sten in biological materials. This method is 
particularly useful in the determination of 
atmospheric tungsten dust but it should be 
stressed that nickel and cobalt give color in- 
terference if present in comparable amounts. 
The most sensitive spectral arc lines for 
tungsten are 4294.62 and 4008.76. 
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URANIUM 


Characteristics 


Uranium, U, atomic weight 238.7, is a 
hard, heavy, nickel-white metal, having a 
melting point of 1850° C. and a density of 
18.68. It is soluble in sulfuric, hydrochloric, 
and nitric acids. Ordinary uranium is radio- 
active and isotopes with atomic weights of 
234, 235, 238, and 239 are known. The iso- 
tope of weight 235 has been utilized in the 
so-called atomic bomb, since, when bom- 
barded with slow neutrons, it is capable of 
undergoing fission with explosive violence. 
Uranium forms tetravalent or hexavalent 
compounds principally, although other va- 
lences have been reported. The urany] salts 
are characterized by remarkable fluorescent 
phenomena. Uranium tetrafluoride is formed 
by the interaction of uranium trioxide and 
freon at 400° C. (1); uranium hexafluoride 
by the interaction of uranium carbide and 
fluorine at —70° C. 


Industrial Uses 


Previous to 1940, the demand for uranium 
was essentially a direct function of the use 
of radium. In fact, in the immediate prewar 
years, the expanding use of radium tended to 
create a surplus of uranium products. Hence- 
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forth, radium is likely to have a subordinate 
position because of the coming availability 
of a great number of uranium fission prod- 
ucts and others that can furnish a large 
array of types and intensities of radiation 
(2). The common nonmilitary uses for 
uranium have included its application as 
coloring material in ceramics, as well as its 
use in photographic chemicals, and as a 
catalytic agent. Recently enormous amounts 
of uranium have been utilized in the manu- 
facture of atomic bombs (3). This has also 
resulted in the production of a number of 
very useful radio isotopes. 


Toxicity 

Uranium and its salts are highly toxic 
though no cases of serious poisoning have 
been reported in the scientific literature 
among the nearly 70,000 people employed 
over a period of 3 years to produce atomic 
bombs. In general, animals poisoned with 
uranium show hepatic degeneration similar 
to that seen with mercury poisoning which 
is parallel with the degree of acidosis rather 
than the dose (4). The chronic nephritis 
which occurs following the administration of 
uranium has been noted by a number of in- 
vestigators dating from the first recorded 
study made by Leconte in 1853 (5). Recent 
studies by Holman and his associates have 
shown that uranium produces acute necro- 
tizing arterial lesions affecting principally 
the large elastic arteries, although this spe- 
cific injury is not confined to uranium (6). 
Although rare in man, uranium poisoning 
affecting four workers was reported in 1925 
(7). Hoffman (8) has recently presented 
evidence regarding the distribution of ura- 
nium in various animal tissues and, on the 
basis of this distribution, regards it as an 
element essential for the life process. Don- 
nelly and his associates (9) report that so- 
dium citrate therapy given either orally or 
intravenously protects the kidney against 
uranium poisoning. The inhibition of the 
toxicity by alkaline solutions was recently 
confirmed by MacNider (10), who attrib- 
utes the toxic effects of uranium to its in- 
hibition of intracellular oxidation. Stokinger 
and his associates (11) found carnotite ore 
dust to be highly toxic to rabbits, moderately 
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toxic to rats and slightly toxic to a goat. 
The toxicity is characteristic of uranium 
poisoning. Uranium dioxide dust at a con- 
centration of 80 milligrams per cubic meter 
and a mass-median particle diameter of 0.5 
micron has been shown to be considerably 
more toxic when inhaled by rabbits and rats 
than the same concentration of uranium di- 
oxide dust at an average mass-median par- 
ticle diameter of 2.3 microns (12). 


Analysis 


While uranium responds to tests with a 
number of organic reagents, none of these is 
sufficiently specific to define quantities of 
uranium with any great accuracy. However, 
the method based upon the fluorescent so- 
dium fluoride bead test for uranium has 
recently been shown to be sensitive and 
reliable (13). Amounts of uranium as low as 
fractions of 1 microgram may be demonstra- 
ted by this method. The fluorescence of 
uranium solution under short-wave ultra- 
violet light has been utilized for the de- 
tection of uranium in ores (14). Further- 
more, since uranium is a radioactive element, 
it can be detected by means of a sensitive 
Geiger-Mueller counter in amounts far be- 
low the usual limits of chemical detection 
(15). Holman and Douglas recently utilized 
such a method for determining the distribu- 
tion of uranium in animal tissues and also 
the excretion of uranium following the intra- 
venous injection of its salts (16). Currah 
and Beamish (17) have devised a thiocya- 
nate colorimetric method for the estimation 
of small quantities of hexavalent uranium. 
The emission spectrum of uranium is ex- 
ceptionally rich in lines although these are 
not particularly characteristic. Data have 
recently been compiled for the wave length 
and estimated intensities for more than 9,000 
lines of the uranium spectrum (18). The de- 
tection of small amounts of uranium spec- 
tragraphically in general is difficult. 
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VANADIUM 
Characteristics 


Vanadium, V, is a light gray metal, having 
a density of 5.9 and a melting point of 1710° 
C. It is soluble in nitric acid and other 
powerful oxidizing agents. Four oxides are 
known: hypovanadous oxide (VO or V20z2), 
hypovanadic oxide (VOz or V204), and va- 
nadic oxide or vanadium pentoxide (V2Os5). 
The basic properties of vanadium oxide di- 
minish as the oxygen part of the molecule 
increases and the higher oxides exhibit acidic 
as well as basic properties. The vanadium 
and vanadyl cations and vanadate anions 
possess a variety of colors in solution vary- 
ing from yellow to green, bluish-gray, blue, 
and violet depending on the composition of 
the salt. 


Industrial Uses 


The increased use of vanadium in the 
United States is shown by the figures for 
production and consumption within recent 
years (1). The total amount of vanadium 
utilized in industry in 1936 was 342,720 
pounds, rising to a value of 5,179,290 pounds 
(figure for domestic ore only) in 1943, the 
peak year. In 1945, the consumption fell to 
3,821,000 pounds. Imports of ore, concen- 
trates, and flue dust for that year amounted 
to 1,578,000 pounds. Production and con- 
sumption figures for vanadium in the United 
States since 1947 have not been released for 
security reasons. Vanadium is used for 
making special alloy steels and is an in- 
gredient of the best grades of high speed 
steels. It exerts a degasifying and deoxidiz- 
ing action which aids in forming sound steel, 
promotes a minimum of grain enlargement, 
and causes a stable solution of carbides to 
form in the iron matrix. These structural 
characteristics permit flexibility in heat- 
treatment, making possible the effective 
hardening and annealing of widely varying 
sections. Vanadium increases the ultimate 
strength elastic ratio, and resistance to 
shock impact and contributes to hot hard- 
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ness. It acts to intensify the individual 
properties of other major elements in steels, 
improves the malleability, and increases fa- 
tigue-resisting properties. Vanadium steels 
are used as castings, forgings, and rolled 
shapes; in welded assemblies, springs, air- 
plane-propeller hubs and blades, gears, axles, 
high-speed tools, and armor plate, and in 
structural shapes (2). Apparently there is 
no satisfactory replacement for vanadium in 
the alloy steel field. Although the bulk of va- 
nadium is used for metallurgical purposes, 
it has other very useful applications in in- 
dustry, of which the most outstanding is 
that of a catalytic agent for various chemical 
processes. In the catalytic oxidation of sul- 
fur dioxide to sulfur trioxide in the manu- 
facture of contact sulfuric acid, it steadily 
converts 97 to 99 per cent of the material 
and does not suffer from poisoning as does 
the well-known platinum catalyst. As a cat- 
alyst also, it has other uses, for instance, in 
converting naphthalene into phthalic anhy- 
dride and toluene into benzaldehyde and 
benzoic acid. 
Toxicity 

In common with many of the unusual met- 
als, vanadium has been found as a con- 
stantly occurring substance in animal and 
plant tissues and has been suggested as 
having some physiological function (3, 4). 
However, Daniel and Hewston, using a 
spectrographic method of analysis, state 
that if vanadium functions in this matter it 
must do so in concentrations of less than 5 
parts per million of organic content (5). 
The normal occurrence of vanadium in the 
blood of holothurians and ascidians suggests 
a possible hematopoietic function. Informa- 
tion regarding industrial vanadium poison- 
ing is not extensive probably due to the large 
labor turnover in this industry. Exposure to 
dust occurs chiefly in the mining and milling 
of the ore, and since the bulk of our vana- 
dium ores in the past have been imported, 
this dusty process has largely been confined 
to foreign countries. In spite of controversial 
statements in reference to vanadium poison- 
ing, there is no question but that vanadium 
compounds are toxic, even such substances 
as the crude ore showing striking toxic ef- 
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fects on exposure to the dust. This was shown 
in experimental work carried out recently in 
the Industrial Hygiene Division, U. 8. Pub- 
lic Health Service. Animals were exposed to 
patronite dust for short periods of time of 
Y to % hour. Patronite is the ore chiefly 
imported into this country and consists of 
vanadium sulfide for the greater part. These 
animals showed a mortality of practically 
100 per cent within 2 to 3 hours after ex- 
posure. The dust is apparently extremely 
irritating and causes edema of the lungs so 
that the animals die from drowning in their 
own tissue fluid. Balestra and Molfino (6, 
7) have recently reported lung damage in 
laborers occupied in working with petroleum 
ash containing vanadium and point out that 
the general picture is different from that of 
ordinary pneumoconiosis. Symanski has 
made a careful study of 19 cases of vana- 
dium poisoning among metallurgical em- 
ployees in Germany (8). An industrial dis- 
ease associated with exposure to vanadium 
pentoxide and described by Wyers (9) has 
the unusual combination of both pulmonary 
dust reticulation and systemic intoxication. 
The observed features are pallor of the skin, 
greenish-black discoloration of the tongue, 
paroxysmal cough (rarely with hemoptysis) , 
dyspnea, pains in the chest, palpitation on 
exertion, tremor of the fingers and arms, 
barrel-shaped emphysematous chest, pro- 
fuse bronchitis, bronchospasm, increased 
blood pressure, and reticulation on X-ray ex- 
amination. Colds and pneumonia seemed to 
be of more frequent occurrence among these 
workers than in the general population. 
Mountain et al. (10) consider the toxic ef- 
fects of vanadium to be associated with fail- 
ure to metabolize sulfur amino acids prop- 
erly, Aceording to Mitchell (11) pH 
apparently plays an important role in the 
toxic response of mice injected with solutions 
of sodium metavanadate. The more acid 
vanadium solutions were found to be less 
toxic than the neutral solution. Talvitie and 
Wagner (12) have found the kidneys to be 
the major route of excretion of vanadium in 
the case of rats and rabbits injected intra- 
peritoneally and intravenously with sodium 
metavanadate, while most of the retained 
vanadium was found in the bones. Mitchell 
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(13) has found ethylenediamine tetraacetic 
acid to afford a measure of protection against 
vanadium intoxication. 


Analysis 


One of the most useful reagents for the 
detection of vanadium is that of tannic acid, 
which yields a dark-blue precipitate with 
vanadium and in low concentration resolves 
itself into a coloration. This will serve to 
detect vanadium in a concentration of 1 part 
in 10 million but care must be exercised to 
remove a number of interfering substances 
(14). An interesting specific spot test for 
vanadium has recently been reported by 
Ashburn and Reedy (15) which depends 
upon the reaction of slightly acid solutions 
with sodium tungstate. The appearance of 
a yellow to orange color indicates the pres- 
ence of vanadium. Owing to the very large 
number of lines in the spectrum of vana- 
dium, its occasional spectrographic deter- 
mination is somewhat difficult. A spectro- 
graphic method for the quantitative 
estimation of vanadium in limited amounts 
of biological material (range 5 to 150 parts 
per million), however, has been applied by 
Daniel and others (16). A fused salt tech- 
nique useful for the spectrochemical analysis 
of powdered material containing vanadium 
has been reported by Nachtrieb, Johnson, 
and Dress (17). The most sensitive group of 
vanadium lines in the are spectrum are 
3185.41, 3183.99, and 3183.42 A. Talvitie’s 
recently developed method for vanadium 
(18) is based on the intensity of the 
magenta-black color of vanadium with 8- 
quinolinol in chloroform solution. This 
method permits the determination of vana- 
dium in the range of 1 to 50 micrograms 
with an average error of £0.32 microgram. 
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YTTRIUM 


Characteristics 


Yttrium, element 39, is an iron-gray metal 
having an atomic weight of 88.92, density 
of 5.51, a melting point of 1490° C., and a 
boiling point of about 2500° C. It has a 
valence of 3 and somewhat resembles alu- 
minum in its properties. The half-life of Y% 
is 61 hours. Although commonly associated 
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with the rare earths, yttrium is not a rare- 
earth metal. It is found in monazite and in 
gadolinite. Thalenite is an yttrium silicate. 
Yttrium was formerly separated from these 
minerals by precipitation as the oxalate fol- 
lowed by fractional precipitation and crys- 
tallization as the double sulfate Y2(SOx)3- 
4K.SO,4. However at the present time yt- 
trium is being produced commercially by 
several firms by ion exchange processes (1). 


Uses 


Yttrium holds some promise in the metal- 
lurgical field, in refractories and in optical 
glass manufacture. It is used to some extent 
in gas mantles and as a catalytic agent, 
but is chiefly of interest to and in greatest 
demand by the Atomic Energy Commission. 
Toxicity 

Yttrium salts do not appear to be es- 
pecially toxic. The LDso values for rats by 
intraperitoneal injection were found to be 
350 milligrams per kilogram for the chloride, 
350 milligrams per kilogram for the nitrate 
and 500 milligrams per kilogram for the ox- 
ide (2). Hart et al. (3) found that when ad- 
ministered to human subjects and experi- 
mental animals in the ionized form or as a 
chelate of ethylenediamine tetraacetic acid, 
using Y® as a tracer, the yttrium uptake of 
the tissues varied with the compound ad- 
ministered. Schubert and White (4) found 
that zirconium injected into rats an hour 
after the injection of yttrium caused an in- 
crease in the urinary excretion of yttrium. 
Later work by Dudley (5) on the metabo- 
lism of yttrium, using Y® as a tracer, has 
shown that yttrium complexed with an ex- 
cess of ethylenediamine tetraacetic acid is 
preferentially deposited in the bone tissue. 
In view of his findings on the tissue distri- 
bution of yttrium Dudley has suggested 
radioactive yttrium, Y®° as a means of de- 
livering high energy ionizing radiation to 
selected tissues, particularly bone tissue. 


Analysis 


The separation and determination of yt- 
trium is difficult even when present in quan- 
tity. A chromatographic procedure is sug- 
gested for small amounts in which advantage 
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can be taken of the solubility relationships 
of the various salts. The best procedure for 
the detection and estimation of minute 
amounts of yttrium for biological experi- 
mentation is based on the use of Y® as a 
tracer when admixture of this substance is 
possible. Sensitive spectral are lines for 
yttrium are 4643.69, 3774.33, and 3710.30. 
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ZINC 


Characteristics 


Zinc, Zn, has an atomic weight of 65.38, a 
density of 7.14, melting point 419.4° C., and 
boiling point 918° C. It takes a white metal- 
lic luster upon polishing but the surface 
quickly tarnishes to the familiar blue-gray 
tinge. Zinc is hard and brittle at ordinary 
temperatures, but between 100° and 150° C. 
it becomes malleable enough to permit roll- 
ing and drawing. Most zine ores contain 
some cadmium, the average ratio being 
about 200 to 1. Zine dust is subject to spon- 
taneous combustion in moist air, but in more 
compact forms does not burn readily until 
heated above 500° C. The high positive 
value of the oxidation-reduction-potential 
makes it impossible to dissolve by a number 
of oxidizing agents. Pure zinc is almost in- 
soluble in very dilute acid solutions due to 
the large overvoltage of the hydrogen. If, 
however, the metal is touched with some 
metal with a low overvoltage for hydrogen, 
the zine dissolves. It is soluble in rather con- 
centrated alkali with the evolution of hy- 
drogen and the formation of a zincate. Zinc 
oxide is amphoteric, dissolving readily in 
both acids and bases. Zine hydroxide is very 
sparingly soluble in water (2.6 x 10° grams 
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per liter), but the solubility is increased by 
the presence of various salts. 


Industrial Uses 


In 1953, 916,105 short tons of zinc were 
consumed in the United States of which 
406,988 tons were used in galvanizing, 
178,182 tons in brass products, and 307,445 
tons for zinc-base alloys. Zine used in rolled 
products as ribbon and sheet zinc amounted 
to 20,675 tons which was 16 per cent greater 
than in 1952. Zinc dust is used as a reducing 
substance in chemical manufacturing and as 
a paint pigment. The principal zinc pig- 
ments, however, are zinc oxide and lithopone 
and its principal salts are the chloride and 
sulfate. Sulfuric acid made from the sulfur 
dioxide gases produced in roasting zinc 
blende (sphalerite) is an important by- 
product of zine smelting. Copper and zinc 
salts of naphthenic acid are used as rot- 
proofing compounds for the treatment of 
fabrics and cordage. 

Toxicity 

The toxicity of zinc compounds by mouth 
is low. The soluble salts have a harsh metal- 
lic taste and in small doses cause nausea 
and vomiting; larger doses cause violent 
vomiting and purging (1). The continued 
administration of zinc salts in small doses 
has no effects in man except those of dis- 
ordered digestion and constipation. Metal 
fume fever or “brass founders ague” is an 
industrial disease which is produced on in- 
halation of zinc oxide fume when zinc is 
heated in an oxidizing atmosphere to a tem- 
perature near its boiling point as in smelting, 
galvanizing, in brass founding, brazing, and 
oxy-acetylene welding of galvanized iron 
(2). The symptoms are systemic, temporary, 
and resemble those of influenza. It is char- 
acterized by fever, chills, muscular pain, 
nausea, and vomiting, followed by more or 
less prostration. Complete recovery occurs 
in 24 to 48 hours. One of the characteristic 
features of metal fume fever is that “im- 
munity” to these attacks is acquired by 
workers. However, exposure to the fumes of 
other zinc compounds may be more danger- 
ous. Ten deaths and 25 cases of nonfatal 
injury occurred among 70 persons exposed 
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in a tunnel to zinc chloride fumes resulting 
from the burning of a smoke generator 89 
yards from the entrance. The main effects 
were damage to the mucous membrane of 
the nasopharynx and respiratory tract, and 
a pale gray cyanosis (3). 


Analysis 


The determination of minute amounts of 
zinc is somewhat difficult owing to the fact 
that zinc forms but few colored derivatives 
which are sufficiently specific to be applied 
to its evaluation. Nephelometrically, zinc 
may be determined as the ferrocyanide (4) 
or as the diethyldithiocarbamate derivative 
(5). Small amounts of zine are precipitated 
quantitatively by 8-hydroxyquinoline (6) 
and by quinaldinic acid (7). Zine in small 
quantities may also be efficiently separated 
from a number of other substances by di- 
phenylthiocarbazone and a titrimetric 
method may be applied to the chloroform 
extract. Distinctive lines for the spectro- 
graphic recognition of zine are 3345.0, 
3302.6, 3282.3, 2800.8, 2558.0, and 2502.0. 
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ZIRCONIUM 


Characteristics 


Zirconium, Zr, atomic weight 91.22, den- 
sity 6.5, melting point 1860° C., boiling point 
> 2900° C., exists, according to the manner 
of preparation, in two allotropic forms. One 
form is a black amorphous powder and the 
other is usually obtained as a very hard 
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crystalline material resembling antimony in 
appearance. Very pure zirconium, which is 
difficult to obtain, is soft, ductile, and mal- 
leable (1). Zirconium forms only one im- 
portant oxide, the dioxide, ZrOs, an eX- 
tremely hard, colorless powder with a 
melting point close to 3000° C. (almost twice 
that of steel). Zirconium is but slightly at- 
tacked when heated with hydrochloric, sul- 
furic, or nitric acids, but is rapidly oxidized 
by aqua regia. Hydrofluoric acid is the best 
solvent for this metal, as the cold dilute acid 
readily disolves it. Caustic alkalies also dis- 
solve zirconium with the evolution of hydro- 
gen. With the exception of the dihydride 
and the somewhat doubtful oxide, Zr20z, 
zirconium is quadrivalent in all its known 
compounds. It combines with carbon to form 
a carbide, ZrC, which is very hard. Zir- 
conium metal powder under certain condi- 
tions is extremely explosive. While zirconium 
is not so well known as many of the common 
metals, it is not a rare element since it is 
present in the earth’s crust in larger amounts 
than lead, copper, or zinc. The chief com- 
mercial ores are baddeleyite (zirconium di- 
oxide) and zircon (zirconium silicate). Zir- 
conium metal is prepared by the reduction of 
zirconium chloride with molten magnesium 
metal in a special furnace maintained at 
about 900° C. with suitable precautions to 
provide a neutral atmosphere during the re- 
action. 


Industrial Uses 


The greater portion of the zirconium ore 
of commerce in the United States is used in 
the electrical and chemical porcelain field 
which together with the metal and alloy in- 
dustry absorbed about 51 per cent of the 
15,988 short tons shipped to consumers in 
1945. Annual domestic requirements for zir- 
conium minerals (1954) were estimated to 
be 20,000 to 30,000 tons (2). One of the 
valuable properties of zirconium is its great 
affinity for various gases, such as oxygen, 
nitrogen, carbon monoxide, carbon dioxide, 
hydrogen, and water vapor. This makes it 
particulary useful as a “getter” in high 
vacuum transmitting tubes and the pure 
metal powder is extensively used for this 
purpose (3). Copper alloys containing 5 per 
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cent zirconium have practically the same 
electrical conductivity as copper, while the 
tensile strength and hardness are increased 
by as much as 50 per cent by this addition. 
In steel, zirconium acts as a deoxidizer, de- 
nitrifier, and desulfurizer. Moreover, it in- 
creases the toughness and tenacity of steel. 
The best results are obtained when the zir- 
conium content is equal to or less than 0.15 
per cent, although in a few cases it is de- 
sirable to increase this to 0.35 per cent. 
Since it has an extremely high heat of com- 
bustion, zirconium powder is an efficient 
igniter for photoflash bulbs or as a substi- 
tute for mercury fulminate or lead azide in 
detonators. Zirconium finds a new use in a 
concentrated arc lamp which gives the near- 
est approach yet attained to a point source 
of light (4). The oxide is used as a very re- 
sistant refractory and is also an effective 
opacifier of fused enamels, glass, and glazes. 
Zircon, or zirconium silicate, is also used in 
the preparation of high-duty porcelain bod- 
ies, high-temperature dielectrics, enamels, 
and special pottery glazes. Zirconium dihy- 
dride (ZrHz) is used commercially in powder 
metallurgy for the production of sintered al- 
loys and as an intermediate in the prepara- 
tion of a master alloy of zirconium-magne- 
sium. Furthermore, zirconium is added to 
magnesium for grain refinement and in- 
creased corrosion resistance (5). The Atomic 
Energy Commission contracts for 1956 
amount to 2,000,000 pounds of zirconium 
distributed over a 5-year period. This metal 
is used in the construction of nuclear reactors 
because of its corrosion resistance, strength 
and low rate of neutron absorption. It was 
used in the construction of the atomic energy 
submarine Nautilus in reactor piping and 
varlous components. 


Toxicity 


Zirconium has only a mild pharmacolog- 
ical action and may even lack physiological 
effect in small amounts (6). Death is caused 
in rabbits by the intravenous introduction of 
relatively large doses of zirconium as the 
soluble tartrate complex (150 milligrams per 
kilogram of body weight). The zirconium 
compounds in technical use are largely in- 
soluble, however, and no occupational case 
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of systemic poisoning has so far been re- 
ported in man. Zirconium oxide is physio- 
logically inert and, in fact, has been em- 
ployed medicinally in roentgenography as a 
substitute for bismuth salts (7). Zirconium 
carbonate produces no acute toxic effects 
when administered orally or intravenously 
to rats in doses up to 1.5 to 2 grams per kilo- 
gram and no chronic effects in rats receiving 
up to 20 per cent of zirconium carbonate in 
their food for 17 weeks (8). However, the ex- 
plosive nature of the metal powder must be 
kept in mind and suitable precautions ob- 
served in handling this substance. 


Analysis 


The reactions of zirconium so closely re- 
semble those of a number of other substances 
that its separation and determination are 
not simple. The analytical chemistry of zir- 
conium has been extensively reviewed and 
investigated by Claassen and Visser (9). A 
valuable stage in the separation of zirconium 
is that of precipitation of the very slightly 
soluble zirconium phosphate, ZrO (H2POx4) >, 
in highly acid solution. However, hafnyl 
phosphate has similar properties and it was 
not discovered until 1923 that zirconium 
compounds frequently contained several per 
cent of hafnium. Separation of the two by 
the usual phosphate procedure is so ex- 
tremely difficult that it may be accomplished 
only by a series of fractional precipitations. 
Willard and Freund (10), however, have re- 
cently developed an improved method of 
fractional separation based upon the rates 
of hydrolysis of the triethylphosphates. Aliz- 
arin may be used for the colorimetric deter- 
mination of zirconium in small amounts but 
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requires care in its application. Fluorides, 
sulfates, and phosphates decrease or destroy 
the color while titanium, and to some extent 
thorium, lead to high results. For industrial 
analytical purposes the p-dimethyl-amino- 
phenylazobenzenearsonic acid method has 
been applied to the determination of zirco- 
nium in steel with good results (11). Dis- 
tinctive lines useful in the spectrographic ex- 
amination of material for zirconium are 
3497.9, 3438.2, 3392.0, 3273.0, 2678.6, and 
2571.4. 
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ACETALDEHYDE 
Characteristics 
Acetaldehyde, CH3;CHO, molecular 


weight 44.05, boiling point 20.2° C., melting 
point —123° C., density p 0/4 0.8050, and 
index of refraction n 18/p 1.3392, is a vola- 
tile, colorless liquid of marked chemical re- 
activity. It is miscible with water, alcohol, 
and ether. The production of acetaldehyde 
by hydration of acetylene (using mercuric 
sulfate as a catalyst) is an intermediate step 
in the manufacture of acetic acid. The 
acetaldehyde is oxidized with air in the pres- 
ence of manganese acetate to acetic acid, 
and is an important modern procedure for 
the synthetic manufacture of the latter. It 
is a strong reducing agent and therefore re- 
duces Tollen’s reagent and Fehling’s solu- 
tion. With sodium hydroxide and iodine, it 
yields iodoform, which is not specific for 
acetaldehyde but is helpful in its identifica- 
tion. With phenylhydrazine, acetaldehyde 
yields two acetaldehyde phenylhydrazones 
of melting points 98° to 100° C. and 57° Gs 
respectively. Acetaldehyde yields acetalde- 
hyde semi-carbazone when heated with 
semi-carbazide. This crystallizes in needles 
from water or alcohol and has a melting 
point of 163° C. 

Paraldehyde. Acetaldehyde undergoes 
rapid polymerization under the influence of 
a drop of sulfuric acid or similar catalyst to 
a much less volatile and reactive trimer, 
paraldehyde. Paraldehyde, (CHsCHO)s, 
boiling point 124° C., melting point 12.6° C., 
density p 20/4 0.9943, and index of refraction 
n 20/D 1.4198, is a colorless liquid less solu- 
ble in warm water than in cold. One part 
dissolves in eight parts of water at 20° C. 
It dissolves well in organic solvents. The 
polymerization of acetaldehyde to paralde- 
hyde (in presence of traces of acid as a 
catalyst) reaches an equilibrium point which 


at 15° C. contains 94.3 per cent paraldehyde 
and 5.7 per cent acetaldehyde. 
Metaldehyde. A second polymer of acetal- 
dehyde known as metaldehyde, can be ob- 
tained by the action of an acid catalyst if 
the temperature is carefully kept at or below 
0° C. The melting point of this crystalline 
substance (in a sealed capillary tube) is 
246° C. Metaldehyde is a tetramer but un- 
dergoes partial depolymerization when 
heated above 100° C. in the air. When pure, 
metaldehyde does not react with the fuchsin- 
aldehyde reagent nor with Fehling’s solution. 


Industrial Uses 


Acetaldehyde represents an important 
stage in the manufacture of a number of 
synthetic chemicals. In many of these op- 
erations it appears only as an intermediate. 
Apart from this important use in industry, 
acetaldehyde has some application as a 
solvent and is also used in medicine as an 
inhalant in catarrh and ozena. 

Paraldehyde is used as a diluent in the 
manufacture of pigments and varnish and 
as a latent solvent for nitrocellulose acetate. 
It has some medicinal use as a sedative and 
an antispasmodic and is frequently used 
when other hypnotics are contraindicated. 

Metaldehyde received extensive use dur- 
ing the war as a fuel for heating combat 
rations. For this purpose, it was compressed 
into round, white tablets about 1 inch in 
diameter and about % inch thick. They 
superseded the former wax fuel tablets and 
canned solidified alcohol. 


Toxicity 

In the view of the equilibrium relation- 
ships of acetaldehyde and its polymers and 
the relative ease of reconversion of the poly- 
mers to acetaldehyde, no attempt has been 
made to differentiate the toxicities of these 
substances. Apparently the toxic effects of 
paraldehyde are essentially those of acetal- 
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dehyde. In general, acetaldehyde is an ir- 
ritant to mucous surfaces and at the same 
time has a general narcotic action on the 
central nervous system. The low concentra- 
tions which usually are found in practice 
cause irritation of the eyes, nose, and upper 
respiratory passages, as well as bronchial 
catarrh. In chronic intoxication, the symp- 
toms resemble those of chronic alcoholism, 
such as loss of weight, anemia, delirium, 
hallucinations of sight and hearing, loss of 
intelligence, and psychic disturbances (1). 
Higher concentrations cause headache, 
stupefaction, bronchitis, pulmonary edema, 
diarrhea, albuminuria, fatty degeneration of 
of the liver and of the cardiac muscles, and 
death. While it has been stated that indi- 
vidual cases have survived large doses of 
paraldehyde, in a recent case, death of a 
child occurred following the administration 
of 3 grams of metaldehyde (2). Death from 
large doses results from respiratory paraly- 
sis. With lethal doses, pulse and respiration 
become progressively slower, followed by 
complete respiratory paralysis, the heart 
continuing to beat 5 minutes after respira- 
tion has ceased (3). The postmortem ex- 
amination of tissues has shown swelling and 
redness of mucous membrane, fatty degen- 
eration of the liver and kidneys, and areas 
of acute degeneration of the neural cells of 
the brain (3, 4). Stotz, Westerfeld, and Berg 
(5) have shown that while acetaldehyde is 
quite toxic at higher levels it is rapidly 
metabolized. Hitchcock and Nelson (6) 
studied the metabolism of acetaldehyde and 
paraldehyde in mice and found that acetal- 
dehyde is destroyed four times as rapidly 
as paraldehyde and that much smaller 
quantities of acetaldehyde are excreted in 
the expired air than of paraldehyde. Han- 
dovsky (7) found that the intravenous ad- 
ministration of small amounts of acetalde- 
hyde in anesthetized dogs caused a sharp 
rise in blood pressure and a cardiac accelera- 
tion. Maximum allowable concentration 
values for acetaldehyde lie within the range 
of 50 to 200 parts per million. 


Analysis 
Acetaldehyde vapor may be absorbed in 
aldehyde-free alcohol in a sintered glass 
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bubbler, or air samples may be taken in 
vacuum bulbs. The estimation may be made 
by one of several colorimetric methods or 
by a suitable volumetric method. As an ex- 
ample of the latter, acetaldehyde may be 
absorbed in water and advantage taken of 
the sulfite-binding property of aldehyde in 
general to react with sodium bisulfite, the 
uncombined bisulfite being titrated with 
iodine. When treated with Schiff’s reagent 
(a solution of fuchsin decolorized by sul- 
furous acid), most aldehydes produce the 
violet-red color of fuchsin in proportion to 
the amount of aldehyde introduced. This 
method may be applied to acetaldehyde pro- 
viding the reagents used are aldehyde-free. 
Acetaldehyde also gives yellow to brown 
colors with benzidine hydrochloride (8) and 
m-phenylenediamine hydrochloride (9) 
which, although not wholly specific for acet- 
aldehyde, are useful for its colormetric de- 
termination. A method for the colorimetric 
determination of acetaldehyde in blood, 
which could well be adapted to the determi- 
nation of acetaldehyde as an aerial con- 
taminant, has also been recently developed 
by Stotz (10). This method is based on the 
depth of coloration produced with p- 
hydroxybiphenyl] reagent. Paraldehyde and 
acetaldehyde weight for weight were found 
to yield equal color intensities. Hitchcock 
and Nelson (6) determine paraldehyde in 
the tissues and in expired air by depoly- 
merization of the paraldehyde to acetalde- 
hyde in hot dilute sulfuric acid and the 
absorption of the liberated acetaldehyde in 
sodium bisulfite solution, followed by iodi- 
metric titration. 
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ACETIC ACID 


Characteristics 


Acetic acid, ethanoic acid, CH;COOH, 
boiling point 118.2° C., melting point 16.635° 
C., density p 20/4 1.04926, index of refrac- 
tion n 20/p 1.36976, and vapor pressure 11.4 
millimeters of mercury at 20° C., is a clear, 
colorless liquid at ordinary temperatures 
and is miscible with water at all concentra- 
tions. The so-called glacial acetic acid is 99.5 
per cent acetic acid. It has a sharp character- 
istic odor, is volatile with steam, and its 
neutral salts are nearly all soluble in water. 
When treated with phosphorus pentachloride 
acetic acid gives acetyl chloride having a 
boiling point of 51° C. Acetic acid does not 
reduce potassium permanganate, in which it 
differs from formic acid. Ordinary vinegar 
prepared by fermentation is 6 per cent acetic 
acid. The preparation of pure acetic acid 
from crude vinegars is not practical and the 
chief source of the concentrated acid was 
formerly pyroligneous acid, resulting from 
the destructive distillation of wood. Pure 
acetic acid is now prepared by synthetic 
processes which start with propane gas or 
calcium carbide, by the oxidation of ethanol 
in the presence of a metal catalyst, or the 
hydration of acetylene and oxidation of the 
resulting acetaldehyde. Peracetic acid, 
CH;COOOH, is now manufactured in com- 
mercial amounts in the form of a stable 40 
per cent solution containing 8.6 per cent 
active oxygen. 


Industrial Uses 


The production of synthetic acetic acid in 
the United States in 1954 was 442,007,000 
pounds; of so-called natural acetic acid over 
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19,022,000 pounds (1). The principle uses 
for commercial acetic acid are for the manu- 
facture of plastics and resins, manufacture 
of acetic anhydride and organic acetates or 
esters, and for textile processing. Minor uses 
include the manufacture of metallic acetates, 
drugs and pharmaceuticals, paint and pig- 
ments, and photography and rubber chem- 
icals. 
Toxicity 

The vapor of acetic acid is sharp and 
penetrating, causing lacrimation and irrita- 
tion of the mucous membranes in general. 
While acetic acid is frequently regarded as 
more or less harmless, perhaps owing to its 
association in dilute form with vinegar, the 
pure acid is dangerous in contact with the 
skin, causing painful burns which are slow 
in healing. Sklodowski (2) discusses 21 cases 
of poisoning from the ingestion of strong 
acetic acid, including three deaths. Hemo- 
globinuria was a characteristic finding in 
most of these cases. Woodard and his as- 
sociates (3) have measured the LD5o dosage 
by mouth for acetic, dichloroacetic 
(CHCl,COOH), and trichloroacetic 
(CCls;COOH) acids and have found that 
these are of the same order of magnitude 
(the LDso dose of acetic acid for rats was 
3.31 grams per kilogram of body weight), 
while the toxicity of monochloroacetic acid 
(CHsCICOOH) for mice is approximately 
25 times and for rats approximately 40 times 
those of the other three acids. In sufficiently 
dilute form, acetic acid is not toxic nor are 
the acetates, such as potassium and sodium 
acetate, in dilute solution. However, Hem- 
ingway and Sparrow (4) have shown that 
acetic acid in concentrations of 30 millimols 
per kilograrh and sodium acetate in concen- 
trations of 70 to 80 millimols per kilogram 
is the maximum tolerated dose for rats over 
@ period of 2 weeks. The toxicity of the lat- 
ter is very low even on intravenous injection. 
Concentrations up to 0.25 per cent have 
been shown to produce no effect on the 
growth, appetite, or consumption of fluid 
when given as the sole drink to rats (5). 
However, Parmeggiani and Sassi (6) have 
found evidence of blackened skin, hyperemic 
conjunctiva, and congested pharynx in em- 
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ployees exposed for periods up to 12 years 
to a working atmosphere of 26 to 76 parts 
per million of acetic acid. A number of 
agencies have adopted a maximum allowable 
concentration value for acetic acid vapor of 
10 parts per million. 


Analysis 


The analytical determination of acetic 
acid as a contaminant presents no particular 
difficulty when present as a single constitu- 
ent. Measured volumes of air may be drawn 
through a sintered glass bubbler containing 
a measured amount of standard alkali solu- 
tion and the excess alkali may then be back- 
titrated. Where other acids are present, it 
may be necessary to trap the acetic acid in 
alkali and separate it by distillation with 
phosphoric acid. 


REFERENCES 


. U. S. Tariff Commission, 1954. 

. Sklodowski, J.: Hémeglobintrie dans l’empoi- 
sonnement par l’acide acétique. Presse méd. 
83: 1573 (1925). 

. Woodard, G., Lange, S. W., Nelson, K. W., and 
Calvery, H. O.: The acute oral toxicity of 
acetic, chloracetic, dichloracetic and trichlor- 
acetic acids. J. Ind. Hyg. Toxicol. 23: 78 
(1941). ath 

. Hemingway, A., and Sparrow, A.: Toxicity of 
acetates for rats. Proc. Soc. Exptl. Biol. Med. 
51: 44 (1942). 

. Sollman, T.: Studies of chronic intoxications on 
albino rats. III. Acetic and formic acids. J 
Pharmacol. Exptl. Therap. 16: 463 (1921). 

. Parmeggiani, L., and Sassi, C.: Health injuries 
caused by acetic acid in the production of 
cellulose acetate. Med. lavoro 46: 319 (1954). 


be oo Ne 


on 


i=7) 


ACETIC ANHYDRIDE 


Characteristics 


Acetic anhydride, (CH3;CO).0, is a color- 
less liquid with a sharp, irritating odor. It is 
characterized by the following physical 
properties: boiling point 140.0° C., melting 
point —73.1° C., density p 20/4 1.08112, and 
index of refraction n 20/p 1.3904. It is solu- 
ble in cold water to the extent of 12 per cent 
and is slowly hydrolyzed to acetic acid. 
The vapor pressure of acetic anhydride at 
20° C. is 4 millimeters of mercury, while at 
100° C. it is 210 millimeters of mercury. It 
is a readily combustible liquid and intro- 
duces a potential fire hazard when it is 
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stored or handled. The lower and upper 
limits of inflammability of acetic anhydride 
in air as determined by the Bureau of Mines 
are 2.67 and 10.13 per cent by volume. 
Minimum ignition temperatures in air and 
oxygen, respectively, are 392° C. and 361° 
C. At elevated temperatures, an irritating 
vapor is given off which when mixed with 
air is explosive within the limits of 2.7 to 
10.1 per cent by volume of air. Acetic anhy- 
dride is prepared industrially by passing the 
vapor of glacial acetic acid over a catalyst 
(sodium ammonium phosphate and boron 
phosphate) at 600° to 620° C. The standard 
method of preparation consists in treating 
sodium acetate with sulfur chloride (SCle) 
and chlorine. Acetic anhydride, sodium 
chloride, and sodium sulfate are formed. 
Acetic anhydride is also prepared syntheti- 
cally on a commercial basis from ethylidene 
diacetate. The latter is made by passing 
acetylene into a suspension of mercurous 
sulfate in concentrated or glacial acetic acid. 
On distillation of ethylidene diacetate in the 
presence of a small quantity of anhydrous 
salts, such as sodium pyrophosphate or zinc 
chloride, the ethylidene diacetate decom- 
poses into acetic anhydride and acetalde- 
hyde which are readily separated by frac- 
tionation. Another industrial process for the 
manufacture of acetic anhydride utilizes the 
highly unsaturated and reactive substance 
ketene, CH,—C—O, which can be prepared 
efficiently by cracking acetone. Ketene re- 
acts readily with acetic acid to form acetic 
anhydride. 


Industrial Uses 


During 1954, 690,643,000 pounds of acetic 
anhydride were produced in the United 
States. Approximately two-thirds of this 
amount was used in the manufacture of 
synthetic fibres, while the manufacture of 
plastics and resins ranks second. Acetic an- 
hydride is used in the manufacture of acetyl- 
salicylic acid (aspirin) and other pharma- 
ceuticals, and also in the manufacture of 
perfumes and flavors, and in textile dyeing. 


Toxicity 


Acetic anhydride, in either the liquid or 
vapor form, has an irritant and corrosive 
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action on the mucous surfaces. Its irritant 
action is generally assumed to be due to the 
hydrolytic product (acetic acid) formed as 
a result of interaction of the anhydride with 
moisture in the tissue. While acetic anhy- 
dride forms acetic acid in contact with water, 
this does not occur with any great rapidity 
and it is still a moot point as to whether 
there is any systemic poisoning due to acetic 
anhydride alone, or whether the entire toxic 
effect is due to liberated acetic acid. Leh- 
mann and his associates (2) found that man 
is generally more sensitive to the effects of 
inhalation of acetic vapor than animals. The 
effects of exposure were so marked that 
workmen could not endure an atmosphere 
of 800 parts per million for longer than 3 
minutes. Acetic anhydride is a marked lac- 
rimator and due to its warning properties, 
generalized systemic effects are not likely 
to occur. The symptoms are coughing and a 
burning sensation in the nose and throat. 
Dermatitis and chronic eye irritation may 
result from repeated or prolonged contact 
with acetic anhydride. 


Analysis 


The determination of the amount of acetic 
anhydride present as an aerial contaminant 
may be made by bubbling a measured vol- 
ume of air through a fritted glass bubbling 
apparatus containing a known amount of 
alkali, followed by back-titration with a 
standard acid solution. Acetic anhydride 
when mixed with a few drops of aniline and 
boiled, forms acetanilide (boiling point 114° 
C.). Aceto-p-toluidide (melting point 148° 
C.) is similarly formed when p-toluidine is 
used in place of aniline. Diggle and Gage 
(3) determine acetic anhydride in air by 
absorption in alkaline hydrazine, treatment 
with ferric chloride, and photoelectric meas- 
urement of the ferric acetohydroxamic acid 
complex. 
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ACETONE 


Characteristics 


Acetone, dimethylketone, 2-propanone, 
f-ketopropane, pyroacetic ether, CHs. 
COCHs, boiling point 56° C., melting point 
—94° C., density p 20/4 0.7912, index of 
refraction n 20/D 1.3590, is a colorless, clear, 
volatile, highly inflammable liquid, miscible 
with alcohols, ethers, halogenated hydro- 
carbons, and water, and having a character- 
istic ethereal odor and a pungent, sweetish 
taste. Since the flash point is —20° C., the 
danger of fire and explosion must be con- 
sidered when used industrially. Acetone is 
an excellent solvent for many carbon com- 
pounds and for many inorganic salts. Ace- 
tone dissolves acetylene rather freely and 
this property is usefully employed in the 
commercial handling of acetylene. The lat- 
ter, when compressed alone under pressures 
above 2 atmospheres, tends to decompose 
explosively. When dissolved in acetone, how- 
ever, it may be compressed to 10 or 15 at- 
mospheres with safety. On boiling with 
benzaldehyde and a concentrated solution 
of barium hydroxide in dilute alcohol, ace- 
tone yields dibenzalacetone (melting point 
111° C.). With iodine and sodium hydroxide 
in the cold, it yields iodoform (melting point 
119° C.). A dilute solution in water gives a 
red color with alkaline nitroprusside which 
changes in tint on adding acetic acid. With 
saturated aqueous sodium bisulfite, acetone 
yields a sulfite addition compound. Acetone 
oxime and acetone phenylhydrazone are not 
recommended as derivatives for identifica- 
tion. While formerly prepared by the dry 
distillation of calcium acetate or from crude 
wood spirit, it has been more recently ob- 
tained on a technical scale by the fermenta- 
tion of starch and sugar-containing mate- 
rials by such bacteria as B. macerans and 
B. acetoethylicum. During the war period, 
production from the oxidation of isopropyl] 
alcohol greatly exceeded that of the fermen- 
tation process, approximately six times as 
much being obtained by the oxidation proc- 
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ess as by fermentation. Normal blood con- 
tains about 1 milligram per 100 grams of 
blood of the so-called ketone bodies (ace- 
tone, acetoacetic acid, and @-hydroxybu- 
tyric acid). The concentration of acetone is 
markedly increased in fasting individuals, 
in toxemias of pregnancy, in persistent vom- 
iting, and in diabetes. In severe diabetes, 
values of 300 milligrams per 100 grams of 
blood have been recorded. 


Industrial Uses 


The production of acetone by fermenta- 
tion in the United States during 1954 
amounted to 20,866,000 pounds, while pro- 
duction from isopropyl alcohol amounted to 
403,681,000 pounds. Chemical manufacture 
accounted for the use of the bulk (42 per 
cent) of wartime acetone; 15 per cent was 
used as solvent, 11 per cent for coated fabrics 
and rayon, 6 per cent for drugs and pharma- 
ceuticals, and 5 per cent for resins and plas- 
tics. Acetone is used as an absorbent for 
acetylene stored in cylinders, in the manu- 
facture of rubber, of varnish, lacquer, and 
other protective coatings, as a denaturant 
for industrial alcohol, in photography, and 
as the raw material for synthetic manufac- 
ture of numerous substances, such as chloro- 
form, iodoform, and diacetone. 

Toxicity 

In general, the effect of acetone is similar 
to that of ethyl alcohol, although its nar- 
cotic effect is somewhat greater. Following 
inhalation, elimination occurs chiefly 
through the respiratory tract and the kid- 
neys with rather rapid elimination of the 
material absorbed. Elimination of the ab- 
sorbed residual acetone occurs for more 
slowly. The local irritant effect is not strong 
but is noticeable on mucous membranes. Ex- 
posure to heavy concentrations produces 
narcotic symptoms, bronchial catarrh, and 
headaches with the feeling of oppression. It 
should be pointed out that pure acetone is 
less toxic than the impure trade products. 
As the duration of exposure increases, there 
is a gradual fall of rectal temperature, re- 
spiratory rate, and pulse. The rate of this 
change is roughly proportional to the con- 
centration of acetone vapor (1, 2). Absorp- 
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tion of acetone by workers exposed to ace- 
tone vapor has been definitely demonstrated 
by finding this substance in the urine of indi- 
viduals so exposed (3). While the toxic effect 
of acetone is not great, it is necessary to ob- 
serve precautions in its use in industry, both 
from extensive inhalation and, because of 
its high volatility, from explosion and fires. 
There is no evidence of chronic effects in 
man following continued exposure to low 
concentrations of acetone (4). The lowest 
concentration of acetone which would ap- 
parently produce mild intoxication and, 
hence, possibly constitute an industrial 
hazard is 5 milligrams per liter (2,110 parts 
per million) (4). Exposure to high concen- 
trations causes restlessness and vomiting in 
man, followed by progressive collapse with 
stupor and periodic breathing (5). The in- 
jurious effects of high concentrations of ace- 
tone vapor on the eye have been ascribed to 
pure acetone itself rather than to impurities 
(6). In animals Dervillee et al. (7) found 
that guinea pigs survived for 24% hours at 
a concentration of acetone vapor of 0.592 
gram per liter and rabbits for 1% hours. 
With lower concentrations, or shorter ex- 
posure, death occurred only after repeated 
exposure. 


Analysis 


The determination of acetone in air sam- 
ples may be conveniently carried out by the 
absorption of the substance in water through 
which the air is slowly bubbled. Several 
methods are available for determining the 
acetone content of this aqueous solution, 
such as development of a red color with 
sodium nitroprusside, or the formation of a 
reddish-brown color with aniline in alkaline 
solution. A variation of the iodoform reac- 
tion for acetone has been applied to its quan- 
titative determination by Goodwin (8). 
More recently, however, a micromethod for 
the determination of acetone in air has been 
developed by Greenberg and Lester (9) 
which depends upon the reaction between 
acetone and 2,4-dinitrophenylhydrazine to 
form the corresponding hydrazone. The lat- 
ter is separated by extraction with carbon 
tetrachloride and colorimetrically deter- 
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mined. This method is stated to be particu- 
larly rapid and accurate. 
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ACETOPHENONE 
Characteristics 
Acetophenone, phenylmethy] ketone, 
acetylbenzene 
COCH; 


occurs commercially either as crystalline 
leaflets melting at 20.5° C., or as a colorless 
liquid. Its boiling point is 202° C. per 750 
millimeters of mercury, or 94.5° C. per 20 
millimeters. It is readily soluble in alcohol, 
ether, benzene, and chloroform, but is only 
slightly soluble in water. It dissolves in con- 
centrated sulfuric acid with an orange color. 


INDUSTRIAL TOXICOLOGY 


Acetophenone has a density of p 15/15 1.0329 
and index of refraction of n 19/p 1.53418. 
Commercially it is prepared from benzene 
and acetyl chloride, or from benzaldehyde 
and diazomethane, or catalytically from 
acetic and benzoic acids. It has typical ke- 
tonic properties, forming a characteristic 
oxime having a melting point of 60° C. and 
phenylhydrazone (melting point 105° C.). 
It does not combine, however, with sodium 
sulfite. Nascent hydrogen converts it readily 
into phenylmethy] carbinol, while oxidation 
with potassium permanganate converts it to 
phenylglyoxylic acid. Acetophenone occurs 
to a small extent in coal tar and, having 
feebly basic properties, is extracted from the 
heavy oil fraction with sulfuric acid. It is 
somewhat widely used in organic syntheses, 
as a solvent for cellulose ethers and esters, 
and in perfumery. It has a persistent odor 
reminiscent of orange blossoms and jasmine. 


Toxicity 

Acetophenone has pronounced narcotic 
properties and was originally proposed as an 
hypnotic by Dujardin-Beaumetz and Bardet 
(1) under the name “hypnone”. However 
its uncertain and toxic qualities have cur- 
tailed its use as a somnifacient. There is no 
question but that acetophenone, when ad- 
ministered either subcutaneously, intrave- 
nously, or by mouth, produces complete 
anesthesia and analgesia in animals. Fre- 
quently however the animals pass into deep 
coma and death. With sublethal doses the 
narcotic action is uncertain. The older litera- 
ture states that acetophenone is changed to 
benzoic acid and excreted as hippuric acid 
and also conjugated with glucuronic acid. 
Thierfelder and Klenk (2) found that intra- 
peritoneally administered acetophenone is 
excreted to the extent of 91.7 per cent as hip- 
puric acid together with a small amount of 
mandelic acid and some a-phenylethy] al- 
cohol. The benzene ring is apparently left 
intact. On applying their range finding test, 
Smyth and Carpenter (3) found the single 
dose oral toxicity to rats of acetophenone to 
be 3 grams per kilogram of body weight. No 
industrial systemic poisoning has been re- 
ported from exposure to acetophenone, prob- 
ably because of its low vapor pressure at 
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room temperature. However, dermatitis has 
followed skin contact with this substance 
and Katz (4) reports acetophenone as a 
skin irritant. 


Analysis 


Acetophenone may be detected by the 
deep red color formed with alkaline salicyl- 
aldehyde (5), or microchemically by con- 
densation with either p-nitrophenylhydra- 
zine (6), or p-bromobenzohydrazide (7). 
Very small quantities may be determined 
satisfactorily by precipitation with 2,4- 
dinitrophenylhydrazine (8). 
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ACRIDINE 


Characteristics 


Acridine is a heterocyclic compound chem- 
ically related to anthracene. It is a basic con- 
stituent of the heavy tar oils produced in the 
high temperature carbonization of coal and 
has the formula 


N 


CoH, CoHg. 
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Acridine occurs in the crude anthracene 
fraction separated from coal tar. It may be 
prepared synthetically from diphenylamine 
and either chloroform or formic acid when 
heated with zinc chloride at 200° C. It may 
also be prepared by passing benzyl aniline 
through a red hot tube. Acridine forms color- 
less, needle-like crystals which sublime at 
100° C. and melt at 110° C. Acridine boils 
at 345° C. It is sparingly soluble in hot 
water but is soluble in alcohol, ether, or car- 
bon disulfide. The substance has a charac- 
teristic, pungent odor and a burning, acrid 
taste. The solution of acridine has a strong, 
blue fluorescence which also characterizes 
many acridine derivatives. It reacts with 
strong mineral acids to give yellow, well- 
crystallized salts which are partially hydro- 
lyzed with hot water. Acridine is the parent 
substance for a series of dyes, such as acri- 
dine orange NO, acridine yellow, trypafla- 
vine, and chrysaniline. 


Industrial Uses 


The acridine dyes are not usually pre- 
pared from acridine itself, as the prepara- 
tion of the latter is somewhat difficult. Ben- 
zoflavine, for instance, is synthesized from 
benzaldehyde and m-toluylene diamine. 
This dye is extensively used in calico print- 
ing. Acridine orange occurs in commerce as 
the zine salt and gives a fluorescent color on 
cotton or silk. Certain dyes derived from 
acridine, such as acriflavine and proflavine, 
are used as antiseptics and other derivatives 
are used in chemotherapy. Atebrin (quin- 
acrine hydrochloride), for instance, is used 
in the treatment of malaria (1); rivanol 
(2-ethoxy-6 ,9-diaminoacridine), a yellow 
crystalline substance, is used in the treat- 
ment of streptococcal infections. 


Toxicity 

Acridine is an irritant to the skin and 
mucous membranes. Its dust and vapor are 
powerfully sternutatory. The burning and 
itching of the skin on contact with acridine 
is followed by inflammation and in severe 
cases the respiration rate and blood pressure 
are increased. White (2) lists a number of 
acridine derivatives as sensitizers to sun- 
light, but states that in spite of its strongly 


146 


irritant skin action, it does not give rise to 
cancer. Doubtless the irritant skin effect of 
acridine serves as a warning action and ac- 
counts for the fact that no serious industrial 
poisoning has so far been reported. However, 
the possibility of such industrial poisoning 
should not be minimized. Leopoldsberger 
(3) has pointed out that porous coal bricks 
may contain acridine in slightly volatile 
form. At high temperatures and during sun 
exposure, damage to the cornea, skin, and 
mucous membranes may occur following the 
liberation of acridine vapor. Rubbo (4) de- 
termined the LDso for mice of 65 acridine 
derivatives and found that their toxic and 
antibacterial action was correlated with 
their ionization as bases. Powdered acridine 
derivatives, when applied to guinea pig mus- 
cle, were found to be locally toxic and this 
was not dependent on their ionization. In a 
recent study of the health of workers en- 
gaged in the manufacture of rim steel (5), 
it was found that acridine vapor was given 
off in abundance from the tar coating of the 
molds during the pouring of the molten 
metal. The vapor proved very irritating on 
inhalation. No maximum allowable concen- 
tration value for acridine vapor has so far 
been established in industry. 


Analysis 


No analytical method has been developed 
for the estimation of acridine vapor or dust 
as an aerial contaminant. However, the re- 
activity of acridine is marked and could 
well be usefully employed in the develop- 
ment of a colorimetric method. In addition 
to the strong fluorescence of its derivatives, 
acridine as the hydrochloride forms a series 
of colored complexes with various metals, 
such as iron (red), cobalt (green), and zine 
(yellow) with ammonium thiocyanate. Since 
acridine forms an addition compound with 
sodium acid sulfite, it is possible that this 
reaction can also be usefully applied to the 
determination of traces. 
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ACROLEIN 


Characteristics 


Acrolein, propenal, acrylaldehyde, acrylic 
aldehyde, CH2=CH—CHO, boiling point 
52.4° C., melting point —87.7° C., density 
D 20/4 0.841, index of refraction n 20/pD 
1.39975, is a colorless, inflammable liquid 
with a very pungent odor. It is unstable and 
polymerizes to disacryl, which is a white 
solid insoluble in water, acids, or alkali. 
This polymerization occurs even with the 
pure substance and is favored by light, heat, 
and certain impurities. In the presence of 
inhibitors (such as traces of polyhydric 
phenols), acrolein is stable almost indefi- 
nitely. In the presence of sodium hydroxide 
solution, acrolein polymerizes to a white, 
fluffy powder. With phenylhydrazine, it 
yields phenylpyrazoline, crystallizing as yel- 
lowish tablets from hot ligroin, and having 
a melting point of 50 to 51° C. 


Industrial Uses 


Acrolein is principally used in organic 
synthetic processes, such as the manufac- 
ture of synthetic perfumes (in combination 
with various butadiene derivatives) and in 
the manufacture of allyl alcohol. It forms 
condensation products with phenol and with 
urea, which constitute certain commercial 
plastics. Condensation products of amines 
and acrolein are strong accelerators of vul- 
canization. Acrolein was used by the French 
in World War I as a toxic lacrimator but 
was not very successful because of its chemi- 
cal instability (1). It is employed as a re- 
agent in making colloidal preparations and 
as a Warning agent (2) in refrigerators using 
methyl chloride. 


CARBON COMPOUNDS 


Toxicity 


Acrolein is an irritant and even in low 
concentrations affects the upper respiratory 
tract. On inhalation of high concentra- 
tions, it causes edema of the lungs. It causes 
intense irritation of the eyes and nose fol- 
lowing short exposure. Acrolein commonly 
occurs when fats and oils are heated to high 
temperatures and it is the principal irritant 
in the exhaust gas from internal combustion 
engines. Since it is formed from glycerol by 
dehydration, it is found as an atmospheric 
contaminant in several industries in which 
this substance is employed. Kamen (3) has 
drawn attention to the possible association 
of acrolein and shock associated with burns. 
Acrolein injected into experimental animals 
subcutaneously, intraperitoneally, or intra- 
venously produces a condition identical in 
its clinical and pathological manifestations 
to that generally accepted as “shock”. Hen- 
derson and Haggard (4) state that 1 part 
per million of acrolein in air is immediately 
detectable, that 5.5 parts causes intense ir- 
ritation, and that 10 parts per million is 
lethal in a short time. 


Analysis 


The detection of acrolein is somewhat 
complicated by the similar reactions of other 
aldehydes. Most distinctive is a variation of 
the usual fuchsin-aldehyde test. Certified 
basic fuchsin (0.2 gram) is dissolved in 10 
milliliters of freshly prepared cold, satu- 
rated, aqueous solution of sulfur dioxide. It 
is allowed to stand until colorless and then 
diluted to 200 milliliters. To 5 milliliters of 
this reagent, 2 milliliters of the aqueous solu- 
tion of acrolein is added, stoppered, and al- 
lowed to stand overnight. The solution will 
then be colored a deep violet-blue. Add an 
equal volume of concentrated hydrochloric 
acid. The color successively changes through 
yellow-green and blue-green to violet-blue. 
Acrolein is distinguished from all other com- 
mon volatile aldehydes by these collective 
color changes. Berezova has discussed in de- 
tail three colorimetric methods useful for the 
determination of acrolein in the air of indus- 
trial plants (5). Circle and his associates 
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have utilized the color developed with tryp- 
tophane for the determination of acrolein 
(6). Other aldehydes interfere at an acrolein 
concentration of 25 micrograms and there- 
fore must be at a relatively much lower 
concentration than that of acrolein for satis- 
factory results. Korenman has devised a mi- 
cromethod based upon the formation of 
iodoform with iodine, the excess of which is 
back-titrated (7). Where the air contami- 
nant is known to be acrolein, it may be 
conveniently evaluated by means of a per- 
manganate titration. Standard potassium 
permanganate solution is added in excess to 
a measured amount of the sample secured by 
bubbling a known volume of air through 
water in a sintered glass bubbler. Sulfuric 
acid is added and the solution is heated for 
15 to 20 minutes on a water bath, an excess 
of standard oxalic acid solution is measured 
into the mixture, and the excess of oxalic 
acid determined by titration with the stand- 
ard permanganate solution. Van Sandt (8) 
has recently developed a polarographic 
method for determining atmospheric acro- 
lein adsorbed on silica gel. The method is 
specific for acrolein and the common alde- 
hydes do not interfere. 
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ACRYLONITRILE 


Characteristics 


Acrylonitrile, vinyl cyanide, propene ni- 
trile, CH,—CHCN, is a stable, colorless, 
mobile liquid having an ethereal, not un- 
pleasant, odor when pure. The commercial 
product has a smell somewhat resembling 
phosphorus. Its more important: physical 
properties (1) are as follows: boiling point, 
77.3° C.; freezing point, —83° C.; density 
at 25° C., 0.8004; index of refraction, n 25/p 
1.3884; solubility in water at 25° C., 7.4 
per cent by weight; flash point, 0° +2.5° C.; 
inflammable limits in air, lower limit, 3.05 
per cent and upper limit, 17 per cent by vol- 
ume. Acrylonitrile is soluble in all propor- 
tions in acetone, benzene, carbon tetrachlo- 
ride, ethylalcohol, and a number of other 
organic solvents. While it is obvious that 
chemically acrylonitrile is simply ethylene, 
CH:—CHa, with one of the hydrogen atoms 
replaced by the cyanide radical, the com- 
mercial manufacture is somewhat more 
involved. Commercially ethylene oxide 
is converted to ethylene cyanohydrin 
(CHzOH—CH;CN) which in turn is dehy- 
drated to acrylonitrile. 


Industrial Uses 


The unsaturated character of the acry- 
lonitrile molecule makes it well suited for 
polymerization reactions, and it is because 
of this property that it is used in the synthe- 
sis of rubber-like materials and thermo- 
plastic resins. The synthesis of Buna N type 
artificial rubber involves the use of this 
substance. While this type of synthetic 
rubber is more expensive to produce 
than other types, such as Buna S, its prop- 
erties are such that it has become a syn- 
thetic rubber of considerable importance. 
This is chiefly due to its oil-resistant prop- 
erties. During the war, it was particularly 
useful for self-sealing gasoline tanks on air- 
craft. Acrylonitrile is an important inter- 
mediate for chemical syntheses in which its 
chemical reactivity is utilized. It undergoes 
a condensation action with reactive ketones 
to provide a wide variety of ketonic poly- 
nitriles and polycarboxylic acids. Acryloni- 
trile is of some importance in the aging of 
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viscose. It has a solubilizing action and 
causes an immediate rise in “salt index” (2). 
The production of acrylonitrile in the United 
States amounted to 63,107,000 pounds in 
1954. 


Toxicity 

Dudley (3, 4, 5) has made a careful in- 
vestigation of the toxicology of acrylonitrile 
using guinea pigs, rabbits, cats, dogs, and 
monkeys as experimental animals. These 
studies clearly indicate that acrylonitrile is 
a toxic compound comparable in its toxicity 
to a molecular equivalent of hydrocyanic 
acid. The animals were exposed to known 
concentrations of acrylonitrile and it was 
shown that the minimal fatal concentration 
over a 4-hour period for rats was 635 parts 
per million, while for dogs the minimal lethal 
concentration was 110 parts per million (3). 
Dudley’s experiments show that peated 
exposures to 153 parts per million of acrylo- 
nitrile in air are definitely toxic to guinea 
pigs, rats, and rabbits, while this concentra- 
tion is much more toxic to monkeys and cats. 
Dogs represented the most susceptible spe- 
cies of animals studied. These exposures pro- 
duced irritation of the eyes and nose, loss of 
appetite, and an incapacitating weakness of 
the hind legs from which the animals re- 
covered relatively rapidly. Even with ex- 
posure to such high concentrations, no 
definite evidence of accumulative action was 
observed (4). A significant increase in se- 
rum thiocyanate was found immediately 
following the exposure period and an in- 
crease in urine thiocyanate content 24 to 48 
hours following the exposure period. In the 
manufacture of synthetic rubber, acryloni- 
trile presents definite hazards of vapor 
toxicity and of toxic absorption. Wilson (6) 
found that in spite of all precautions to pre- 
vent human exposure in a factory some 
workmen were exposed to mild concentra- 
tions. These workmen presented symptoms 
of nausea, vomiting, and weakness, while 
headache, fatigue, and diarrhea also oc- 
curred in some workers. In several cases, a 
mild jaundice appeared which lasted for 
several days and in one case there Was severe 
jaundice. Although no fatal cases occurred 
in industry, it is felt that sufficient exposure 
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either to the vapor or through skin absorp- 
tion would cause death. Schwartz (7) states 
that dermatitis may occur from acryloni- 
trile. Mallette (8) enumerates a number of 
potential exposures to acrylonitrile in the 
present day Buna N manufacturing process 
of which the greatest ig exposure to fumes 
vaporized by the heat of driers. Although 
Ghiringhelli (9) concluded, that the mecha- 
nism of poisoning by acrylonitrile does not 
involve the liberation of hydrocyanic acid 
within the body, Brieger and his associates 
(10) were able to demonstrate cyanide and 
cyanmethemoglobin in the blood, proving 
that the toxic action of acrylonitrile is based 
on the formation of cyanide in the body. On 
the basis of his investigation, Dudley rec- 
ommended a maximal allowable concentra- 
tion of 20 parts per million in air. 


Analysis 


Lawton et al. (5) found that none of the 
present chemical and physical methods for 
determining acrylonitrile in air was accurate 
for low vapor concentrations. However, the 
Rayleigh-Jeans interference refractometer 
was found satisfactory for concentrations 
above 90 parts per million. The character- 
istic odor of acrylonitrile is a useful warning 
. property but owing to olfactory sense fa- 
tigue it is only useful for first impressions. 
Analysis of urine specimens for thiocyanate 
content of workers exposed to this vapor 
may be useful in determining exposure. How- 
ever, care must be used in appraising such 
data since smoking raises the thiocyanate 
content of urine just as acrylonitrile does. 
Petersen and Radke (11) have recently de- 
veloped a method for the determination of 
acrylonitrile in air which depends upon 
quantitative conversion of the nitrogen to 
ammonia, distillation, and subsequent titra- 
tion. This method was found to be accurate 
to concentrations as low as 25 parts per 
million. 
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THE ALKYLBENZENES 


Characteristics 


The lower homologues of benzene are in- 
soluble in water but miscible with absolute 
alcohol and ether. As the molecular weight 
increases they become less soluble in alcohol 
but continue to be somewhat soluble in ether. 
They are mutually soluble. With increasing 
molecular weight there is in general a rise in 
boiling point. 


Uses 


The alkylbenzenes are used extensively as 
solvents for grease, rubber, and resins and 
for a host of other applications in industry. 
Their derivatives are used in the manufac- 
ture of synthetic dyes, drugs, explosives, and 
plastics. The production of alkyl aromatics, 
distillates, and solvents from petroleum in 
the United States in 1954 amounted to 
520,286,000 pounds. 


Toxicity 
Toxicological studies of toluene, xylene, 


ethylbenzene, styrene, diethylbenzene, a- 
methylstryrene and vinyltoluene in com- 
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parison with benzene were recently made by 
Wolf and his associates (1). The oral LDso 
values for rats were all above 1 gram per 
kilogram of body weight. These substances 
were found to be slightly to moderately 
irritating to the skin of rabbits, but were not 
absorbed in acutely toxic amounts. Repeated 
oral doses to rats by intubation 5 days 
weekly for a period of 6 months demon- 
strated benzene to be markedly more toxic 
than toluene, ethylbenzene, isopropylben- 
zene, and styrene. Exposure to the vapors 
of benzene, ethylbenzene, styrene, a-methy]l- 
styrene and vinyitoluene using rats, guinea 
pigs, rabbits and monkeys for a period of 6 
months showed benzene to be more toxic 
that the other substances. Benzene was the 
only one of these compounds that had an 
effect on the hematopoietic system. 

Both the above animal studies and the 
results of human exposure indicate the 
probability that vapor concentrations of 
styrene, a-methylstyrene and vinyltoluene 
which can be voluntarily tolerated by most 
persons will not cause adverse systemic ef- 
fects. However in order to avoid complaints 
of disagreeable odor intensity and eye and 
nose irritation, a recommended maximum 
. allowable concentration value in workrooms 
for styrene, a-methylstyrene and vinyl- 
toluene is 100 parts per million. 

Smith and his associates (2) found that 
when toluene was administered orally to 
rabbits (350 milligrams per kilogram) 18 per 
cent of the dose was eliminated unchanged 
in the expired air. No extra glucuronic acid 
was excreted, while other monosubstituted 
benzenes caused an increased glucuronic 
acid excretion. With ethylbenzene biological 
hydroxylation occurs and it is excreted as 
methylphenylearbinol. Parke and Williams 
(3) have shown that rats fed labeled benzene 
(0.15 to 0.5 grams per kilogram) excrete 6 
to 8 per cent as phenylglucuronide and 11 to 
14 per cent as phenylsulfuric acid. 

Gerarde (4) has investigated the toxicity 
of a number of pure alkylbenzenes and sev- 
eral commercial alkylbenzene solvent mix- 
tures. The pure compounds were norma] 
and branched chain C; to Cy, mono-, di-, 
tri-, and tetra-alkylbenzenes, The hydro- 
carbons mixed with an equal volume of olive 
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oil were administered subcutaneously to rats 
at a dosage of 1 milliliter of hydrocarbon to 
1 kilogram of body weight. Benzene was the 
only substance which caused loss of body 
weight, leucopenia, and a decrease in the 
total femoral marrow cell population. In the 
alkylbenzene-treated groups, the leucocyte 
count, thymus and spleen weights, and total 
femoral marrow cell population and nu- 
cleic acid were normal or increased. The dif- 
ference in response to benzene and the alkyl- 
benzenes is attributed to the chemical 
differences of the metabolites formed. 
Whereas phenolic compounds are the prin- 
cipal metabolites of benzene, the alkylben- 
zenes are converted into alcohols or car- 
boxylic acids by side chain oxidation. The 
latter have a low order of toxicity and do 
not affect cell production. It is suggested 
that the introduction of one or more alkyl 
groups on the benzene nucleus so changes 
the unique myelotoxic effect of benzene that 
the substituted compound is no longer 
myelotoxically active. 
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‘ALLYL ALCOHOL 


Characteristics 


Allyl alcohol, vinyl carbinol, 2-propen- 
1-ol, 1-propenol-3, CH2—CHCH.OH, is 
named from the Latin allium (garlic) be- 
cause the allyl radical, CH.—CHCH.—, is 
found in garlic as a sulfur compound. It is 
a colorless neutral liquid with an irritating 
odor. It boils at 96 to 97° C., melts at —129° 
C., has a density of p 20/4 0.8540 and an 
index of refraction of n 20/p 1.41345. Allyl 
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alcohol is prepared by distilling glycerol 
with oxalic acid at a temperature of about 
260° C. Acid oxalic ester of glycerol is first 
formed and decomposes at a higher tem- 
perature to yield allyl alcohol, carbon di- 
oxide and water. A small amount of allyl 
alcohol is obtained in the distillation of hard- 
wood for charcoal—about 180 milliliters per 
ton of dry wood. Allyl alcohol is miscible 
with water, alcohol and ether in all pro- 
portions. It has the properties of a primary 
alcohol and of an unsaturated compound, 
v.e., it forms esters, yields acrylic acid on 
mild oxidation, and is oxidized by cold per- 
manganate to glycerol. 


Uses 


Allyl alcohol is a commercially important 
substance used in a number of synthetic re- 
actions. In addition to the preparation of 
various allyl compounds, it is used in the 
manufacture of resins and plasticizers. 
Toxicity 

Allyl alcohol is very irritating to the 
the skin of mice according to Sander (1) and 
is considered to be far more toxic than 
methanol according to Atkinson (2). The 
latter found that when allyl alcohol was 
administered to dogs by mouth death oc- 
curred within 7 hours following vomiting, 
convulsive movements, and coma. There was 
marked irritation of the gastric mucosa. 
McCord (3) found an exposure of 1,000 
parts per million of air was fatal to various 
laboratory animals, while 200 parts per mil- 
lion after 1 hour caused nasal irritation and 
obvious discomfort. Rats exposed to allyl 
alcohol vapor in a concentration of 50 parts 
per million for 7 hours daily died after an 
average of 30 such exposures. According to 
McCord 50 parts per million will cause 
severe conjunctivitis and lachrymation in 
man and even 5 parts per million will cause 
some irritation. The principal toxic effects 
of allyl alcohol are pulmonary edema, 
hemorrhages, severe inflammation of the 
gastrointestinal tract, diarrhea and ne- 
phritis with hematuria. Carpenter et al. (4) 
found the LCs value for rats exposed to the 
vapor of allyl alcohol to be 0.6 milligrams 
per liter of air. 
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ALLYL CHLORIDE AND 
ALLYL BROMIDE 


Characteristics 


Allyl chloride, chlorallylene, 3-chloro- 
propene, a-monochlorpropylene, CH.—CH- 
CHCl, is a colorless liquid having a boiling 
point of 44.6° C., melting point 136.4° C., 
density p 20/4 of 0.938, and index of refrac- 
tions of 1.41538. Allyl chloride possess an un- 
pleasant pungent odor, is nearly insoluble in 
water, but is completely miscible with alco- 
hol, ether, chloroform, and petroleum ether. 
The unsaturated nature of this substance 
and the mobility of the chlorine group, which 
may be replaced by other groups, such as 
OH, NHz, CH, etc., makes it particularly 
suitable as a starting point for the synthesis 
of compounds of the _ general type 
CH.—CHCH2X. Allyl chloride is. made 
from the unsaturated allyl alcohol either by 
the action of phosphorus trichloride or 
simply by esterification with hydrogen 
chloride. Further chlorination yields glyc- 
erol trichlorohydrin having a boiling point 
of 155° C. The dibromide boils at 195° C. 

Allyl bromide, bromallylene, a-mono- 
bromopropylene, 3-bromo-l-propene, 3- 
bromopropene, CH,—CHCH3Br, is a color- 
less liquid having an unpleasant odor, a boil- 
ing point of 70 to-71° C., density p 20/4 of 
1.398, and index of refraction of n 20/p of 
1.4655. It is only slightly soluble in water 
but dissolves in alcohol, ether, carbon disul- 
fide, and carbon tetrachloride. 


Industrial Uses 


While production figures in the United 
States for ally] chloride are not at present 
available, the analogous allyl bromide was 
represented in 1941 by a sales quantity of 
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52,737,000 pounds. While the principal use 
of both the chloride and bromide has been 
the manufacture of synthetic perfumes and 
for other organic syntheses, more recently 
allyl chloride has been used in copolymeriza- 
tion reactions with styrene in the production 
of synthetic resins and plastics. 

Toxicity 

Adams, Spencer, and Irish (1) found allyl 
chloride to be among the most toxic of the 
halogenated aliphatic hydrocarbons. It pos- 
sesses a very strong irritant action and rats 
and guinea pigs exposed to concentrations in 
air varying from 10 to 100 milligrams per 
liter showed irritation of the mucous mem- 
branes within a few minutes. The narcotic 
action on the other hand appears to be very 
weak. While pathological examination 
showed the presence of significant lesions 
in the lung and kidneys, only slight changes 
in the liver had occurred. Death was ascribed 
to lung injury, although renal damage may 
also have occurred from prolonged exposures 
at low concentrations. Surviving animals re- 
covered completely. Death of experimental 
animals has been caused by concentrations 
of allyl chloride as low as 1 milligram per 
liter for an exposure of 4 hours, according 
to Henderson and Haggard (2). 

Allyl bromide, according to Flury and 
Zernik (3), is an active irritant to the mu- 
cous membrane of the eyes and respiratory 
passages and causes dizziness, headache, and 
lung irritation. No industrial poisoning has 
been recorded with reference to either allyl 
chloride or allyl bromide. No maximum 
allowable concentration value has been es- 
tablished for either of these compounds. 


Analysis 


No specific method has been developed 
for the determination of the vapor of allyl 
chloride or allyl bromide in air as contami- 
nants. In view, however, of the reactivity of 
the compounds and ease of replacement of 
the halogen group, no particular difficulty 
should be encountered with reference to 
their detection and estimation. The general 
methods applicable to determinations of the 
halogenated hydrocarbons may be used or 
the recently developed procedure of Setter- 
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lind (4) for the determination of chlorinated 
hydrocarbons in industrial atmospheres may 
be applied. 
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THE AMINOPHENOLS 


Characteristics 


The aminophenols are of considerable 
physiological interest as well as of industrial 
importance. o-Aminophenol (o-hydroxyani- 
line, or 1-hydroxy-2-aminobenzene) melts 
at 173° C., is moderately soluble in water 
(2 grams per 100 milliliters) and alcohol 
(4.35 grams per 100 milliliters), soluble in 
ether, yields a red color with ferric chloride 
and sublimes somewhat readily. m-Amino- 
phenol (1-hydroxy-3-aminobenzene), the 
least important of the aminophenols, melts 
at 122 to 123° C., is moderately soluble in 
hot water, soluble in alcohol and in ether and 
is sparingly soluble in benzene and ligroin. 
It is relatively more stable in air than its 
isomers. The production of the m derivative 
in the United States in 1951 amounted to 
619,000 pounds. p-Aminophenol (1-hy- 
droxy-4-aminobenzene, rodinal, or ursol P) 
is by far the most important of the amino- 
hydroxybenzenes so far as industrial use is 
concerned. Production of this substance and 
its salts in this country in 1951 was 859,000 
pounds. The white leaflet crystals of p- 
aminophenol have a melting point of 184° 
C. (with partial decomposition), are spar- 
ingly soluble in cold water (1.1 grams per 
100 milliliters); (4.5 grams per 100 milli- 
liters cold alcohol); and sublime with par- 
tial decomposition. p-Aminophenol is solu- 
ble in alkalies, the solution rapidly turning 
violet in color. The aminophenols are pre- 
pared by the reduction of nitrophenols and 
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nitrosophenols. Tin and hydrochloric acid 
effect a complete reduction of the nitro 
group. p-Aminophenol is prepared by the 
reduction of either p-nitrophenol, B-phenyl- 
hydroxlamine, or by heating p-chlorophenol 
with ammonia in the presence of copper. The 
aminophenols (0, m, and p) crystallize as 
white or colorless crystals when pure, but 
the commercial product is either gray or 
brownish in color, owing to slight surface 
oxidation. 


Uses 


The aminophenols are used in the manu- 
facture of azo and sulfur dyes, and are ap- 
plied in the arts to the dyeing of furs, hair 
and leather. p-Aminophenol is used as a 
photographic developer, owing to its sta- 
bility in solution, and is marketed under 
various names, such as Rodinal, Azol, and 
Certinal. 

Toxicity 

The. toxicity of the aminophenols is not 
marked. Compared with certain other aro- 
matic amines, p-aminophenol in particular 
is relatively less toxic. For instance, the 
administration of doses of 3.5 grams per 
kilogram of body weight of p-aminophenol 
to rabbits produced no pronounced appear- 
ance of poisoning, while 1.0 to 1.5 gram per 
kilogram of body weight of aniline similarly 
administered caused death (Rohde, 1). Fol- 
lowing the intravenous injection of p-amino- 
phenol, methemoglobinemia is somewhat 
slowly produced in various species of ani- 
mals. Heubner (2) investigated the three 
aminophenols with reference to the speed 
of methemoglobin formation in vitro and 
found that the quickest response was made 
with o-aminophenol. p-Aminophenol formed 
methemoglobin more slowly in comparison, 
and the m-compound was found to be the 
least effective. It was also shown by in vivo 
experiments that m-aminophenol is less toxic 
than the o- or p-forms. A suggested explana- 
tion of the relative nontoxicity to the whole 
animal of p-aminophenol is that only the 
oxidized form is active. When injected, or 
produced in the animal (as a means of de- 
toxication), it must remain in the reduced 
form, although the formation of methemo- 
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globin shows that some is present in the 
quinoneimine form (3). There is some evi- 
dence, as shown by Michel et al. (4), to 
indicate that aniline arising from acetanilide 
in the body can be oxidized to p-amino- 
phenol. However; Brodie and Axelrod (5) 
found that free p-aminophenol is not found 
in the urine following the administration of 
acetanilide. Instead, the p-aminophenol is 
conjugated and excreted as N-acetyl-p- 
aminophenol and the analgesic effect of 
acetanilide is indeed due to this derived 
product (6). 

Williams (7) found that aminopheny]l- 
glucuronides are produced in the animal 
body in response to the administration of the 
aminophenols. In the case of p-aminophenol, 
hydrated p-aminopheny]-8-glucuronide 
(Cy2HisNO;-H20) is formed and, unlike its 
analogous isomers, it has a definite melting 
point (213° C., with decomp.). The neu- 
tralized o- and p-aminophenylglucuronides 
form methemoglobin in vitro and the -o 
compound appears to be several times as 
effective as the p. A slight formation of 
methemoglobin occurs with the m derivative, 
although m-aminophenol itself appears to be 
ineffective. In the case of p-aminophenol 
about 8 per cent of the amount of amino- 
phenol fed is excreted as glucuronide in the 


_urine and, unlike the case with the o and m 


derivatives, free p-aminophenol is present 
in the urine. Hildebrand and Marquardt 
(8) have recently investigated the toxicity 
of m-aminophenol, which is one of the me- 
tabolites of p-aminosalicylic acid used in the 
treatment of tuberculosis. The LDs59 for 
white mice (intraperitoneally) after 24 
hours was found to be 102 milligrams per 
kilogram of body weight for m-amino- 
phenol. 


Analysis 


The method of determination of p-amino- 
phenol originally used by Hinsberg and 
Treupel (9) is based on the indophenol re- 
action in which a color is formed when the 
p-aminophenol solution is treated with 
chromic acid and phenol. The addition of a 
few drops of ammonia changes the red color 
to blue. The depth of color and hence the p- 
aminophenol content was judged by com- 
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parison with known concentrations of the 
pure compound. Greenberg and Lester (10) 
determined small amounts of p-aminophenol 
in urine by coupling it with a-naphthol in 
alkaline solution. A bright blue pigment 
is formed which has a strong light absorp- 
tion at 620 millimicrons and its density is 
directly proportional to the amount of p- 
aminophenol present. Brodie and Axelrod 
(5) separated free p-aminophenol from bio- 
logical material by extraction with ether. It 
was then coupled with phenol in acid solu- 
tion and an indophenol dye formed with 
sodium hypobromite. The p-aminophenol 
content was then evaluated spectrophoto- 
metrically. More recently various methods 
for the determination of p-aminophenol 
were reviewed by Ballard (11) and an es- 
pecially sensitive and precise method devel- 
oped which depends upon its reaction with 
p-dimethylaminobenzaldehyde. 
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of p-aminophenol in p-methyl-aminophenol 
pileate: Analyst 76: 430 (1950). 


2-AMINOPYRIDINE 


Characteristics 


2-Aminopyridine, a-aminopyridine, a- 
pyridylamine, CsHgN2, 


Ny NH, 
Y 

is a crystalline substance having a melt- 
ing point of 56° C. Its boiling point is 204° 
C. By careful heating it can be sublimed. 
It is readily soluble in most organic sol- 
vents, particularly ligroin, from which it 
may be crystallized. 2-Aminopyridine is 
prepared from 2-chloropyridine by heating 
with zine chloride and ammonia to 220° 
C. It may also be prepared by heating 
pyridine with sodamide. The pure substance 
has a somewhat bitter taste and an anes- 
thetic action. With picric acid it forms a 
picrate, appearing as yellow needles melting 
at 216 to 217° C. and very difficultly soluble. 
The dibenzoy] derivative, prepared by melt- 
ing together 2-aminopyridine with benzoic 
acid anhydride, crystallizes from alcohol in 
the form of needles melting at 165° C., in- 
soluble in water, difficultly soluble in cold 
alcohol and easily soluble in ether and in 
benzene. It dissolves in strong acids with 
decomposition. 


Uses 


2-Aminopyridine is used principally in the 
manufacture of pharmaceutical prepara- 
tions, especially antihistamine drugs. 


Toxicity 


2-Aminopyridine in vapor form strongly 
inhibits the growth of aspergillus (1) and 
shows pronounced growth inhibitory effects 
on plants in general (2). It has been used as 
a fungicide for preventing the decay of citrus 
fruit (3). When injected subcutaneously 
in frogs, and either subcutaneously or intra- 
venously in cats, 2-aminopyridine is toxic 
in doses of 2 milligrams. In cats it causes 
strychnine-like convulsions, and it also has 
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an anesthetic action on both cats and rab-. 


bits, according to Efimov and Bednyagina 
(4). Similar results had previously been re- 
ported by Dingemanse (5) who also found 
that 2-aminopyridine produces an anesthetic 
action on the frog’s skin. It does not have 
any action on the rabbit’s cornea and in 
‘general it produces similar effects to those of 
8-nicotine. In the pigeon, Mouriquand et al. 
(6) found the border line of intoxication by 
ingestion to be 12.5 milligrams. Convulsions 
and death resulted from doses of 15 milli- 
grams. Watrous and Schulz (7) report a 
case of industrial exposure in which a worker 
was exposed for 5 hours to an atmosphere 
containing approximately 5.2 parts per mil- 
lion of 2-aminopyridine. This exposure pro- 
duced headache, nausea, cutaneous flushing, 
and transient hypertension. Spolyar (8) was 
the first to report a fatal case of poisoning in 
industry from this substance in this country. 
In this case an 18-year-old employee in 
charge of a fractionating column spilled a 
bucket of liquid 2-aminopyridine over his 
_ arms and lower extremities. He continued to 

work for 1¥2 hours and then developed diz- 
ziness, headache, and difficulty in breathing. 
He finally became unconscious and died. In 
this case it was thought that the respiratory 
hazard should be considered in addition to 
skin absorption. 


Analysis 


A direct titrimetric method and a modified 
Kjeldahl method can be used for the estima- 
tion of 2-aminopyridine in citrus fruit (9). 
A later method (7), based on the color 
formed when 2-aminopyridine is heated in 
the presence of quinone and acetic acid, is 
especially applicable to the analysis of air 
samples containing the dust or vapor of this 
substance. A currant-red to violet-red color 
is produced and is stable for several hours. 
Time and temperature are important in the 
development of this color and careful com- 
parison should be made with known amounts 
of 2-aminopyridine within the range of de- 
termination. 
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AMYL ACETATE 


Characteristics 


The amyl acetate of commerce which is 
mostly derived from the amy] alcohols of 
fused oil or is prepared synthetically from 
n-pentane and isopentane consists largely 
of a mixture of zsoamyl and normal amy] 
acetates, the former predominating. A cer- 
tain amount of secondary amyl acetate 
is found in commerce. n-Amyl acetate, 
CHs;CO.CsHi1 (n)) boils at 149.25° ie: melts 
at —70.8° C., has a density of p 20/4 0.8756, 
and index of refraction n 20/p 1.4031. The 
saponification equivalent is 1380, and on 
hydrolysis it yields normal amyl alcohol 
and acetic acid. isoAmyl acetate, CH3;CO2- 
Cs5Hi3(i), boils at 142° C., has a density of 
Dp 20/4 0.8674, and an index of refraction 
n 20/p of 1.40034. The saponification equiva- 
lent of this ester is 130. Secondary amyl 
acetate, CH3CO2C5H11 (0), boils at'133.5° C., 
has a density of p 18/4 0.8692, and an index 
of refraction n 20/p of 1.3960. The saponi- 
fication equivalent of this ester is 130. On 
saponification, it yields pentanol-2 and ace- 
tic acid. All the above esters may for con- 
venience be grouped under the heading of 
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“amyl acetate” and in the purified state are 
clear, colorless liquids with a pleasant ethe- 
real odor in low concentrations. The concen- 
trated vapor, however, is pungent and dis- 
agreeable. The commercial amyl acetate is 
a yellow liquid with similar but more pro- 
nounced odor because of various impurities. 


Industrial Uses 


Amy] acetate is an important industrial 
solvent and the total production of the 
United States during 1953 amounted to 
8,302,000 pounds (1). During that year, 50 
per cent of the total amyl alcohol produced 
was allocated to the manufacture of amyl 
acetate. The principal outlet for amyl ace- 
tate is that of solvent for nitrocellulose and 
in the preparation of varnishes and lacquers. 
A certain amount is used in flavoring be- 
cause of its banana-like or pear-like flavor 
and odor. It enters into a variety of indus- 
trial processes, such as the manufacture of 
artificial leather, silk, or pearls, photo- 
graphic film, celluloid cements, waterproof 
varnishes, and bronzing liquids. A special 
grade of amy! acetate is used for fuel in the 
Hefner lamp which is employed as a photo- 
metric standard. 

Toxicity 

There is no information available to in- 
dicate that the various amy] acetates differ 
particularly with reference to physiological 
response. Patty, Yant, and Schrenk (2), in a 
study of secondary amy] acetate, found that 
the principal symptoms following exposure 
were those of eye and nasal irritation and 
narcosis. At room temperature, no concen- 
tration was attained which was dangerous 
to life in 30 to 60 minutes. Exposure to 0.5 
to 1.0 per cent of the vapor for several hours, 
however, is considered dangerous. The maxi- 
mum concentration in which exposure may 
occur for several hours in the case of guinea 
pigs was 0.2 per cent. Flury (3) states that a 
concentration of 5 milligrams per liter or 
about 900 parts per million could be endured 
by man for 4% hour. In a few cases, symp- 
toms of gastrointestinal disturbance have 
been reported (4, 5) and some indication 
has been noted of irritation of the liver fol- 
lowing exposure (6). The latter investigators 
observed urobilinuria following exposure to 
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amyl acetate. Smyth and Smyth (7), how- 
ever, as the result of study of various lac- 
quer solvents, found that amyl acetate was 
not damaging in comparison with other lac- 
quer solvents and concluded that amyl] ace- 
tate was among the safest of the solvents 
studied. 

Any anesthetic effect following inhalation 
of amyl acetate vapor is undoubtedly due 
to the alcohol produced by hydrolysis in the 
body. Baldi (8) found that amyl acetate 
caused conjunctival irritation, sensitivity to 
the odor, a feeling of oppression in the chest 
and cough in men exposed to air containing 
20 to 60 milligrams per liter. 


Analysis 

Methods applicable to the analysis of 
amyl alcohol may be similarly employed for 
the determination of amy] acetate as a con- 
taminant of air. Korenman’s method has 
been particularly recommended for this pur- 
pose and is based on the production of a 
pink to violet-red coloration on the addition 
of furfural and concentrated sulfuric acid 
to the suspected sample (9). Custance and 
Higgins (10) have reported a colorimetric 
procedure for amyl acetate, based on its 
reaction with p-dimethylaminobenzalde- 
hyde, which is accurate for air samples con- 
taining as little as 10 parts per million. 
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Substance 


Primary 
1-pentanol (normal 
amyl alcohol, butyl- 
carbinol) 


2-methyl-1-butanol 
(d-amyl alcohol, sec. 
butylearbinol, 
2-methyl-butan-1-ol) 


3-methyl-1-butanol (iso- 
amy] alcohol, primary 
isobutylearbinol, 
2-methyl-butan-4-ol, 
3-methyl-butan-1-ol) 


2,2-dimethylpropanol 
(isobutylearbinol, 
tert. butylcarbinol) 


Secondary 
2-pentanol (sec. amy] al- 
cohol, methylpropyl- 
earbinol, 1-methyl-1- 
butanol, pentan-2-ol) 


3-pentanol (diethylcar- 
binol, 1-ethyl-1-pro- 
panol, pentan-3-ol) 


2-methylbutanol-3 
(methylisopropylear- 
binol, 1,2-dimethyl-1- 
propanol, 3-methyl- 
butan-2-ol) 


Tertiary 
2-methyl-2-butanol (ter- 
tiary amy] alcohol, di- 
methylethylcarbinol, 
amylene hydrate, 1,1- 
dimethyl]-1-propanol, 
2-methy]-butan-2-ol) 


TABLE 1 


Formula 


CH,;—CH.—CH:—CH:—CH:0H]! —78.5 |138.0 |0.81479| 1.4077 n 25/p 
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AMYL ALCOHOL 


Characteristics 


Amy] alcohol, C;Hi:0H, molecular weight 
88.11, also known as fusel oil, grain oil, po- 
tato spirit, or amyl hydroxide, is a colorless 


Melting | Boiling . . 

: * Density | Index of Refraction 
Font | Fett | cw 20/6 n 20/p 
¢.__. ees | ee Jee 


128.9 |0.8193 | 1.4107 


—117.5 


—52.0 


113.0 


119.85|0.80919) 1.4060 


116.1 |0.82037) 1.4103 


112.0 |0.818 | 1.3973 


—8.55|102.35|0.80889} 1.4052 


132.0 |0.80918] 1.40851 n 15/p 
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liquid of density 0.870, melting point 
—134° C., and boiling point 137.5° C. There 
are eight isomeric amy] alcohols, three exist- 
ing each in two modifications. Commercial 
amy] alcohol is a mixture of several isomeric 
alcohols and has a pungent and penetrating 
odor. 

The eight primary, secondary, and terti- 
ary alcohols have, in brief, the characteris- 
tics shown in Table 1. 

In the fermentation of cereals, potatoes, 
and other materials, one of the by-products 
is fusel oil. This is separated by fractional 
distillation. Amy] alcohol occurs in the fusel 
oil fraction. Synthetic amyl alcohol is ob- 
tained by chlorinating pentane, which is a 
low boiling fraction of casing-head gasoline. 
The chloropentane thus obtained is then hy- 
drolyzed and yields normal amy! alcohol. 
Amy] alcohel derived from fusel oil is a mix- 
ture of tsoamy] alcohol and optically active 
(dextro) amyl alcohol. 


Industrial Uses 


During 1945, 13,773,000 pounds of the 
amyl alcohols were produced in the United 
States. In allocations in the war program, 
approximately 50 per cent was used in the 
manufacture of amy] acetate, 28 per cent in 
lacquers and solvents, 9 per cent for ore flo- 
tation reagents, 5 per cent for drugs and 
pharmaceuticals, and the remainder for ad- 
hesives, petroleum refining, and other mis- 
cellaneous uses (1). The total production of 
crude and refined amy] alcohols in 1953 was 
20,770,000 pounds. 

Toxicity 

The local irritating action of the amy] 
alcohols on mucous membranes causes nau- 
sea, vomiting, irritation of the throat, lacri- 
mation, and conjunctivitis. There is head- 
ache and vertigo which progresses to stupor 
and collapse if the dosage is large. Zangger 
(2) has noted two fatal cases in men who 
were engaged in painting the inside of a con- 
tainer with Zapon lacquer which contained 
amyl alcohol. Two other men engaged in res- 
cuing them were rendered unconscious. Flury 
and Zernik (3) describe the following symp- 
toms in man resulting from inhalation of alr 
contaminated with amyl alcohol vapor: ir- 
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ritation of mucous membrane of eyes and 
nasal and respiratory passages, rushing of 
the blood to the head, headache, giddiness, 
nausea, diarrhea. The excretions, as well as 
the perspiration, smell of amy] alcohol. Hag- 
gard and his associates (4) determined the 
comparative toxicities of the primary, sec- 
ondary, and tertiary amyl alcohols on the 
basis of basic lethal amounts, 1.e., the 
amount as grams per kilogram when present 
in the body which yields that concentration 
in the blood which causes respiratory fail- 
ure. It consisted of the repeated intraperito- 
neal administration of decreasing amounts 
of the substance under test until death re- 
sulted after which the concentration of the 
substance in the venous blood was deter- 
mined. The basic lethal amount present in 
the blood was found to be 0.61 gram per 
kilogram for 1-pentanol, 2-methyl-1-butanol 
(laevo), and 3-methyl-1-butanol. These al- 
cohols have a basic toxicity 12 times as great 
as that for ethyl alcohol. The corresponding 
values for 2-methyl-1-butanol (racemic) are 
0.88 gram per kilogram, and for 2-methyl-2- 
butanol 1.53 gram per kilogram. A ‘modifi- 
cation of this procedure indicates that the 
secondary alcohols have a basic toxicity 
lower than the primary alcohol but higher 
than the tertiary. 


Analysis 


Korenman (5) has developed a method for 
determining the amount of amy] alcohol va- 
por in the air of factories. The method, in 
brief, consists in adding 20 milliliters of ethyl 
alcohol diluted with an equal volume of wa- 
ter to a sample of air collected in a dry flask 
of known capacity. To 1 milliliter of this 
solution and 0.1 ml. of a 1 per cent furfural 
solution, 1.5 milliliter of concentrated sul- 
furic acid is added and layered beneath the 
chilled solution. A pink to violet-red color is 
produced depending upon the amy! alcohol 
concentration. Color standards of known 
concentrations of amyl alcohol are similarly 
prepared for comparison. Salicylic aldehyde 
with amyl] alcohol and sulfuric acid likewise 
forms a color suitable for colorimetric de- 
termination. tsoAmy] alcohol with a similar 
procedure yields a raspberry color with 
p-hydroxybenzaldehyde. p-Diaminobenzal- 
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dehyde is said to give somewhat more exact 
results than salicylic aldehyde. The applica- 
tion of this reaction is discussed in detail by 
Penniman, Smith, and Lawshe (6). 
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ANILINE 


Characteristics 


Aniline, aminobenzene or phenylamine, an 
arylamine, has the composition CsH;NHa2 
and a molecular weight of 93.12. It is a color- 
less or slightly brownish liquid darkening 
with age and having a boiling point of 
184.32° C., density 20/4 1.0219, freezing 
point —6.24° C., and index of refraction n 
20/p 1.58629. Aniline has a characteristic 
odor and burning taste, is inflammable, and 
is volatile with steam. One gram dissolves in 
28.6 milliliters of water at room tempera- 
ture and in 15.7 milliliters of boiling water. 
It is miscible with benzene, alcohol, chloro- 
form, and most other organic solvents and 
combines with acids to form salts. It dis- 
solves the alkali metals evolving hydrogen 
and forming anilides, such as CgH;sNHNa. 
While aniline was originally prepared by 
distillation of indigo with an alkali, it is 
manufactured on the large scale from ben- 
zene by nitration of the latter, followed by 
reduction of the nitrobenzene by iron and 
hydrochloric acid (1). To some extent, ani- 
line has been produced industrially from 
nitrobenzene and hydrogen or water gas in 
the presence of a catalyst. In a more recent 
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process, aniline is made by treating chloro- 
benzene with ammonia at high pressures, 


Industrial Uses 


In the United States, 97,349,000 pounds of 
aniline was produced in 1954. Aniline is used 
in the organic synthesis of many chemicals, 
in the manufacture of azo dyestuffs, aniline 
black and aniline colors in general, as an in- 
gredient in antifouling paints, paint remov- 
ers, paints and varnishes, as a gelatinizer for 
nitrocellulose, and as a process material in 
the manufacture of certain cellulose com- 
pounds and plastics. It is a vulcanizing agent 
and accelerator in the rubber industry. It is 
a germicide, an ingredient of indelible and 
other inks, and is a component of many 
pharmaceutical products. Although used in 
the past in medicine, it is not recommended 
at the present time. 


Toxicity 


The poisonous properties of aniline have 
long been known and a number of fatalities 
have occurred in the synthetic dye industry 
where workers have come in contact with 
this substance. Poisoning in industry in char- 
acterized by the formation of methemo- 
globin, headache, cyanosis, muscular weak- 
ness, mental confusion, convulsions and 
psychic disturbances. Aniline has been 
shown to produce marked respiratory de- 
pression, immediate marked fall in blood 
pressure, and progressive cardiac arrhyth- 
mias, including intraventricular block (2). 
Clark and his associates (3) have stated that 
the most important effect of acute aniline in- 
toxication in the dog is the production of 
methemoglobinemia and indirectly the ef- 
fects of oxygen deficiency. The application 
of the recording spectrophotometer to the 
determination of methemoglobin permits one 
to follow the effects of aniline absorption 
(4). According to Lester and his associates 
(5), methemoglobinemia plays no important 
part in the acute toxicity of aniline. How- 
ever, in poisoning with similar compounds, 
such as 2-anilinoethanol, methemoglobine- 
mia is directly related to the cause of cyano- 
sis (6). In most cases, aniline poisoning in 
industry occurs from inhalation of the va- 
por or from skin absorption on direct contact 
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with the liquid. Rozenberg (7) found blood 
and urine changes following ingestion to be 
more pronounced than in occupational poi- 
soning from aniline. In an attempted suicide 
case in which 100 grams of aniline was taken, 
a sharp rise in methemoglobin (from 68 to 
86 per cent) occurred on the first day; se- 
vere instead of very mild hemolysis, as 
shown by a hemoglobin drop to 30 per cent 
and an erythrocyte count of 1,400,000; a 
drop in glutathione; and a higher free phenol 
content of the urine. Oxyhemoglobin and 
methemoglobin appeared in the urine on the 
seventh day. The reported effect of aniline 
in causing papillomata of the bladder which 
may become malignant has frequently been 
noted since the first cases were reported by 
Rehn (8) in 1895. According to Hunter (9), 
approximately 550 cases of this type have 
been recorded in all countries. Goldblatt 
(10) states that while B-naphthylamine and 
benzidine are certainly causes of bladder 
cancer, aniline and a-naphthylamine are 
possible causes. He finds, however, that 
processes for manufacturing aniline are suffi- 
ciently controlled at the present time to re- 
move this hazard. Prolonged absorption of 
small quantities of aniline leads to chronic 
poisoning which is marked occasionally by 
vesicular miliaria and other skin eruptions. 
Certain aniline dyes, though harmless to the 
skin of most persons, can cause dermatitis 
with sensitive individuals and dermatitis has 
been noted from this source from cosmetic 
preparations (11). Seventeen cases of poi- 
soning were recently reported in babies due 
to skin absorption of dye from the ink on 
freshly stamped diapers (1). The detoxica- 
tion mechanism of aniline poisoning has been 
studied by Smith and Williams (13) who 
found that about 8 per cent of the aniline 
given rabbits by mouth is excreted as ethe- 
real sulfates of o- and p-aminophenol and 
4-aminoresorcinol, while about 70 per cent 
of the aniline is excreted as glucuronides. 
Henderson and Haggard (14) state that 7 
to 53 parts per million of aniline cause slight 
symptoms after exposure of several hours. 
Chronic inhalation tests with experimental 
animals exposed to aniline vapor by Hackley 
et al. (15) support the present maximum al- 


lowable concentration value of 5 parts per 
million. 
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Analysis 


Aniline may be identified by the prepara— 


tion of distinctive substances, such as acet- 


anilide or phenylisocyanide. Acetanilide 
(melting point 111.7°C.) is formed when 
aniline is treated with acetic anhydride. On 


warming with alcoholic potassium hydrox- 


ide and chloroform, aniline yields phenyl 
isocyanide (boiling point 165° C.) which has 
a characteristic and disgusting odor. With 
bromine water, aniline yields a precipitate 
of the tribromo derivative (melting point 
118° C.). Quantitatively, aniline may be de- 
termined by Elvove’s method (16), which is. 
based upon the purplish color developed on 
the addition of calcium hypochlorite solu- 


tion. Methyl- or dimethyl-aniline do not give 


this color when pure. The official method 
adopted in Great Britain (17) for the de- 


termination of aniline vapor in air is simi- 


larly based upon the coloration produced 


with calcium hypochlorite. The test is made 


more sensitive by the addition of ammonia 
and phenol. A permanent blue color is pro- 
duced even by 1 part of aniline in 100,000 
parts of air. Riehl and Hager (18) have 
found that the concentration of aniline va- 
por in air may be determined within the 
range of 5 to 150 parts per million by means 
of paper strips impregnated with a 4 per 
cent solution of furfural in glacial acetic 
acid. 
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BENZENE 


Characteristics 


Benzene, -benzol, CgHe, boiling point 
80.094° C., melting point 5.51°C., density 
p 20/4 0.87895, and index of refraction n 
20/p 1.50124, is a colorless liquid with a 
characteristic odor. It is soluble in water 
only to the extent of 0.06 part per hundred 
at 20° C., but is miscible with organic sol- 
vents. Its flash point is from —12°C. to 
—10° C. and ignition may be caused by open 
flames or sparks from electrical appliances. 
The “light oil” from the fractional distilla- 
tion of coal tar consists principally of the 
hydrocarbons—benzene, toluene, xylene, and 
“solvent naphtha”. On nitration, benzene 
yields both nitrobenzene with a boiling point 
of 209° C. and m-dinitrobenzene with a melt- 
ing point of 90° C. On bromination, benzene 
yields bromobenzene, boiling point 157° C. 
and p-dibromobenzene, melting point 89° C. 
When heated with bromine plus iron cata- 
lyst, it yields mainly p-dibromobenzene. It 
forms a picrate of colorless needles, melting 
point 83.9° C. With CISO3H, it yields ben- 
zenesulfony! chloride, melting point 14° C., 


161 


boiling point 251° C., and diphenyl] sulfone 
with a melting point of 128° C. It is slowly 
sulfonated with boiling concentrated sul- 
furic acid. 


Industrial Uses 


The production of benzene in the United 
States amounted to 673,715,000 pounds in 
1954 (1). During the war, the use of benzene 
for chemical purposes had increased consid- 
erably, while its use for motor fuel dropped 
correspondingly. Thus in 1945, the total pro- 
duction of benzene for motor fuel amounted 
to 32,151,532 gallons, while the production 
of benzene for all other purposes corre- 
sponded to 159,013,084 gallons (2). Apart 
from motor fuels, benzene is mostly used in 
manufacture of rubber, chemicals, dyestuffs 
and intermediates, explosives, aniline, phe- 
nol, resorcinol, benzidine, picric acid, and 
miscellaneous organic preparations. It is 
used as a solvent for oils, fats, waxes, gums, 
natural and synthetic resins, cellulose esters 
and ethers, and a large variety of varnishes, 
airplane dopes, as well as in paint and varn- 
ish removers. 


Toxicity 

On inhalation in high concentration, ben- 
zene is narcotic in action, producing succes- 
sively euphoria, hypermotility followed by 
sleepiness, and fatigue. The preliminary ex- 
citement is greater than with chloroform and 
as a general anesthetic, its action is more of 
a convulsive character. In concentrated 
form, it is especially toxic and may produce 
death. In dilute form, the vapors produce 
headache, vertigo, ataxia, twitchings, con- 
vulsions, and coma. Chronic poisoning in in- 
dustry is characterized by leukopenia and 
aplastic anemia. Bowers has recently de- 
scribed a chronic case of benzene poisoning 
with fatal termination characterized by an 
intractable anemia, leukopenia, and throm- 
bocytopenia following long continued expo- 
sure to benzene. In this case, the bone mar- 
row was grossly hyperplastic with extensive 
areas of extramedullary hemopoiesis (3). It 
should be emphasized that blood changes 
alone cannot be accepted as evidence of ben- 
zene intoxication in the absence of estima- 
tions of benzene as an atmospheric contami- 
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nant (4). Benzene is absorbed through the 
skin but clinically detectable benzene poi- 
soning has not been found from this source 
(5). However, absorption from the skin is 
of far less importance than absorption from 
inhalation. A test for detecting active ab- 
sorption of benzene may be made by deter- 
mination of the ratio of the total urine sul- 
fates to the inorganic sulfates (6). Since 
serious trouble may develop following ex- 
posure to benzene without any warning 
symptoms, the significance of neglected dis- 
orders is often apparent when too late. 
Lambin (7) has indicated a procedure for 
the detection of benzene poisoning applica- 
ble to large groups of individuals so exposed. 

Teisinger’s experiments with men inhal- 
ing benzene vapor indicate a lower desatura- 
tion rate the longer the inhalation period 
(8). This is a point of importance in indus- 
try, where continuous exposure for long pe- 
riods may occur. Schildknecht (9) also re- 
ports that benzene accumulates in the body, 
so that recovery is slow after removal from 
exposure to benzene vapor. Parke and Wil- 
liams (10) found that rats fed labeled (C14) 
benzene in amounts of 0.15 to 0.50 gram per 
kilogram of body weight excrete 6 to 8 per 
cent of the benzene as phenylglucuronide 
and 11 to 14 per cent as phenylsulfuric acid. 
Porteous and Williams (11) state that an 
adequate supply of protein is necessary for 
workers exposed to benzene vapor, since pro- 
tein is the main source of sulfur for the 
mechanism of detoxication. 


Analysis 


Methods for the determination of minute 
amounts of benzene are, at best, methods of 
approximation only. The chemical methods 
are colorimetric in character and depend 
upon nitration and colorimetric evaluation 
of the reaction products. Various physical 
methods have been developed for the deter- 
mination of benzene, such as the gas inter- 
ferometer method and the combustible gas 
detector, and are useful when the air con- 
taminant is solely benzene vapor. In contact 
with a nitrating mixture (equal parts of 
concentrated sulfuric acid and fuming nitric 
acid of d. 1.50) in the cold for 30 minutes, 
benzene is converted into a mixture of the 


0, m, and p:p isomers of dinitrobenzene. The 
mixture contains about 95 per cent of the m 
isomer. With aldehydes and ketones, the 
mixed dinitrobenzenes give a violet color in 
alkaline solution. The m isomer in particu- 
lar gives a color with acetone. In low con- 
centrations of benzene, the color develops 
within 30 minutes, is stable for 3 hours, and 
follows Beer’s law. Schrenk and his associ- 
ates (12) have adapted the nitration method 
to the determination of small amounts of 
benzene vapor as an air contaminant, using 
methyl ethyl ketone as reagent. A combined 
absorption nitration bubbler tube is used in 
which the benzene is converted to m-dini- 
trobenzene which is then estimated colori- 
metrically in saline solution with methyl 
ethyl ketone. Both Baernstein (13) and 
Dolin (14) have published methods for the 
determination of benzene in the presence of 
toluene and xylene, which depend upon oxi- 
dation of the nitro derivatives of the two 
latter substances. The oxidation products of 
the nitro derivatives of toluene and xylene 
are colorless under the conditions described 
and therefore do not interfere with the ben- 
zene determination. The Mine Safety Ap- 
pliance Company aromatic hydrocarbon de- 
tector is a useful apparatus for the field 
determination of benzene vapor. 
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BENZENE HEXACHLORIDE 


(Gamma Hexachlorocyclohexane) 
Characteristics 


Benzene hexachloride, hexachlorocyclo- 
hexane, CgHeCle, one of the newer insecti- 
cides also known as “BHC”, “666”, or 
“lindane” exists in five isomeric forms—the 
a, B, y, 8, and e. In the pure state, the isomers 
are well-defined colorless crystals, practi- 
cally insoluble in water, soluble in organic 
solvents, and have a bitter taste and prac- 
tically no odor. The melting points of the 
isomers are as follows: a, 157.5 to 158° C.; 
B, 309°C.; y, 112.5° C.; 8, 138 to 139° C.; 
and e (1), 218.5 to 219.3° C. At 40° C., the 
vapor pressure of these isomers are a, 0.06 
millimeter of mercury; 8, 0.17 millimeters 
of mercury; y, 0.15 millimeters of mercury; 
and 8, 0.09 millimeters of mercury. The sol- 
ubilities of the isomers of benzene hexa- 
chloride have been determined in each of 
45 organic solvents and the consistently low 
solubility of the B isomer and also the higher 
relative solubilities of the y and 8 isomers 
have been noted by Slade (2). Benzene 
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hexachloride is produced by bubbling chlo- 
rine gas through benzene while powerful 
ultraviolet rays irradiate the mixture. This 
produces a solution of crude benzene hexa- 
chloride containing the various isomers from 
which the four isomers which are useless 
as insecticides are eliminated and the y 180- 
mer is concentrated. A process recently re- 
ported utilizes dilute caustic during the 
chlorination reaction and is claimed to in- 
crease the yield of the y isomer to 42 per 
cent. Crude benzene hexachloride has a 
strong, musty, persistent odor. The pure y 
isomer itself, however, has but very little 
odor. Benzene hexachloride or 1,2,3,4,5,6- 
hexachlorocyclohexane, CgH¢Clg, should not 
be confused with hexachlorobenzene C,Cle. 


Industrial Uses 


Benzene hexachloride is a remarkable 
compound in that it functions as a stomach 
poison, contact poison, and fumigant and 
that it is stable in acid and at high tempera- 
tures. Since its insecticidal properties are re- 
ferred to the y isomer, it is sometimes called 
gammexane. This isomer has been shown to 
be highly toxic to a wide range of insects and 
related pests at low concentrations, while 
the other isomers are only from one-sixth to 
one-sixtieth as toxic. 

y-Hexachlorocyclohexane is a British war 
discovery and against certain pests this sub- 
stance has proved more toxic in laboratory 
tests than any other insecticide examined 
(2). Investigation of this insecticide by 
measuring the amount necessary to kill in- 
dividual roaches and flies shows that the 
approximate LDs9 for the cockroach is 4.6 
milligrams per kilogram and 0.8 milligram 
per kilogram for the housefly (3). y-Benzene 
hexachloride is distinctly more toxic for 
these insects than DDT. At the 50 per cent 
mortality level, y-benzene hexachloride is 
about nine times as toxic to houseflies as 
p,p’-DDT and about 18 times as toxic as 
the pyrethrins (4). However, it does not 
possess the long-lasting toxicity of DDT and 
to overcome this lack of residual strength, 
it may be combined with DDT for special 
applications. It is particularly effective 
against the cotton boll weevil, cotton aphids, 
and the cotton flea hopper. It is one of the 
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few compounds that will kill both cattle lice 
and eggs at the same time. Lice, fleas, flies, 
mosquitoes, and numerous other insects are 
readily controlled and current trials indicate 
that benzene hexachloride has considerable 
value as a soil insecticide. 


Toxicity 

The acute and chronic toxic effects of ben- 
zene hexachloride have been investigated by 
ingestion experiments with rats (2): The 
amount of the y isomer by mouth necessary 
to kill 50 per cent of the animals in 7 days 
was 190 milligrams per kilogram of body 
weight. No chronic effects were noted fol- 
lowing the administration of benzene hexa- 
chloride. The y isomer was fed to rats in 
amounts of 10, 20, or 30 milligrams per day 
for 5 weeks without producing any effect 
whatsoever. Woodard and Hagan (5) , how- 
ever, reported some liver damage following 
feeding the y isomer to dogs for 36 to 49 
days, although they fed 100 milligrams of 
the mixed isomers daily to rats for 2 months 
without apparent injury. The subcutaneous 
injection of the y isomer in amounts of 100 
milligrams per kilogram of body weight 
killed 25 per cent of the animals. Although 
y-benzene hexachloride is an effective in- 
secticide and miticide when impregnated 
into clothing, Horton, Karel, and Chadwick 
(6) found, in wearing tests on rabbits with 
cloth impregnated at 2.0 grams per square 
foot, that typical symptoms of poisoning, 
including convulsion, occurred. Having 
ruled out ingestion and inhalation as pos- 
sible routes of intoxication and having 
shown that the affected animals absorbed 
this substance through the skin, they con- 
cluded that y-benzene hexachloride cannot 
be safely used to impregnate clothing at 
concentrations that are effective insectici- 
dally. Recent experiments have shown that 
exposures to sprays of oil-base containing 
3 per cent y isomer killed rats after 1] days 
of exposure (7). The y isomer has also been 
found to be distinctly toxic to fish at con- 
centrations of 1 part per million. So far as 
toxicity to humans is concerned, it has been 
stated that the crude isomer is less haz- 
ardous from a toxicological standpoint than 
DDT (7). However, a number of cases of 
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poisoning have occurred with workers manu- 
facturing or in the application of benzene 
hexachloride where exposure has been sig- 
nificantly great (8, 9). Though there is ob- 
viously a definite need for more work to be 
done toxicologically, present indications are 
that it is improbable that such residual 
quantities of benzene hexachloride as might 
remain on foodstuffs under conditions of 
ordinary, application will present any 
hazard. 


Analysis 

Daasch (10) has developed an infrared 
method for the quantitative determination 
of each of the five isomers in the insecticide. 
The differences in the spectral absorption 
of the isomers are sufficiently great to permit 
the analysis of mixtures and it is estimated 
that an accuracy of +0.5 per cent can be 
obtained. Detection of the dust or vapor 
can be made by means of the flame detector 
apparatus for halogenated compounds but 
this method is not specific. The hexachloro- 
cyclohexanes, in general, possess consider- 
able chemical stability. They can be ex- 
posed to hot water and light for some time 
and may be crystallized from hot concen- 
trated nitric acid without decomposition. 
However, in the presence of alkalies, such 
as lime water, at 60° C., hydrogen chloride 
is removed, yielding a mixture of the isomers 
of trichlorobenzene. It is possible that this 
type of decomposition could be applied to 
the determination of benzene hexachloride 
dust or fume in the absence of other chlo- 
rinated compounds. Reith’s method (11) 
for the determination of hexachlorocyclo- 
hexane in vegetables consists in reducing 
the extracted compound with zinc to ben- 
zene, and*subsequent nitration followed by 
colorimetric determination of the m-dinitro- 
benzene thus formed. Babina (12) de- 
termines the benzene hexachloride content 
of air by decomposing the air sample fol- 
lowed by nephelometric determination of 
chloride by silver nitrate. 
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BENZIDINE* 


Characteristics 
Benzidine, 4,4 diaminobiphenyl, p-di- 
aminodiphenyl, 


ns ><> 


is a white crystalline substance which crys- 
tallizes from alcohol as silvery flaky crystals 
having a melting point of 128° C. and a boil- 


*By Dr. Louis J. Sciarini, Yale University 
Medical School. 
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ing point of 400° C. at 740 millimeters, It is 
soluble in alcohol and in ether and is soluble 
in water to the extent of 1 part in 2,447 
parts of water at 12° C. While the hydro- 
chloride is also soluble in water, benzidine 
sulfate is rather insoluble. It dissolves to the 
extent of only 0.097 gram per liter at 25° C. 
Benzidine is prepared by the reduction of 
nitrobenzene, first to azobenzene, and then 
to hydrazobenzene and followed in turn by 
intramolecular rearrangement with hydro- 
chloric acid to benzidine. In the technical 
preparation of benzidine small amounts of 
diphenyline (0-, p-diaminobiphenyl) are 
formed and benzidine is separated by con- 
version to the insoluble sulfate. 


Uses 


Benzidine is used by the dyestuff manu- 
facturers as a raw material for large volume 
colors for cotton, such as direct black, benzo 
blue, and Congo red and brown. Certain 
safety papers for bank checks depend upon 
benzidine as the agent to reveal alterations. 
Benzidine is a valuable reagent for analyti- 
cal purposes. Production in the United 
States in 1954 amounted to 1,277,000 
pounds. 


Toxicity 


Benzidine is absorbed through the skin, 
even as the sulfate, and is toxic. Adler (1) 
found the toxicity of benzidine for dogs to 
be 200 milligrams per kilogram of body 
weight by oral administration. Nausea and 
vomiting appeared after several hours and, 
following larger doses, dyspnea, depression, 
clonic and tonic convulsions, and death oc- 
curred. Pathological changes were noted in 
the spleen and liver; the urine contained 
glucose and occasionally albumin. Recent 
investigations by Sciarini, Meigs, and their 
associates (2, 3, 4) have demonstrated the 
urinary excretion of benzidine and certain 
of its metabolites following the exposure of 
workers engaged in manufacturing benzi- 
dine. The principal metabolite found by 
Sciarini (5) is 3-monohydroxybenzidine. 
When benzidine was administered intraperi- 
toneally in dogs unmetabolized benzidine- 
was present in the urine and isolated to the 
extent of 5 to 15 per cent of the dose and 


166 


3-monohydroxybenzidine in amounts rang- 
ing from 25 to 50 per cent of the dose. 

For a number of years benzidine has been 
considered as a cause of bladder tumors in 
workmen (6, 7, 8), but the experimental 
production of tumors in animals was not 
successfully demonstrated until 1950 when 
Spitz and her associates (9) induced tumors 
with it in rats. While no bladder tumors 
occurred with these animals, proof of the 
carcinogenic activity of benzidine was 
definite. 

Analysis 

Since benzidine is an aromatic amine it 
can be diazotized and coupled to form a 
colored substance. Sciarini and Mahew (10) 
have developed a rapid technique for es- 
timating benzidine in industrial exposure 
which depends upon the oxidation of ex- 
tracted benzidine by chloramine T to a color 
complex, which can then be estimated 
spectrophotometrically in the 2- to 10- 
microgram range with an accuracy of +10 
per cent. 
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BENZOYL PEROXIDE 


Characteristics 


Benzoyl peroxide, dibenzoyl peroxide, 
(CgHsCO) 20z, melting point 104° C., exists 
as a white powder or as odorless rhombic 
crystals which deflagrate on heating and 
often explode spontaneously even at room 
temperature. It is insoluble in water but 
dissolves in acetone, benzene, toluene, ether, 
or acetic acid. Benzoyl] peroxide is prepared 
by the action of sodium peroxide, barium 
peroxide, or hydrogen peroxide and sodium 
hydroxide on benzoyl chloride. When ben- 
zoy] peroxide dissolved in an organic solvent, 
such as ether or benzene, is treated with 
sodium ethoxide, benzoyl-sodium-hydrogen 
peroxide is formed. Sulfuric acid liberates 
perbenzoic acid, CsH;COOOH, melting 
point 42 to 43° C. 


Industrial Uses 


Benzoyl peroxide is used as a bleaching 
agent for white flour and is called Lucidol 
(U. S. Patent 1,380,334), or when diluted 
with calcium phosphate it is called Nova- 
delox (U.S. Patent 1, 381, 079). It is applied 
to flour as it is delivered to the bins by 
running a small stream into the regular 
stream of flour from a spout and there is no 
other mixing. Bleaching is accomplished 
within one day (1). Benzoyl peroxide is 
stated to have an accelerating effect on the 
activity of yeast. It is used as a bleaching 
agent for fats, oils, and waxes and is also 
used to polymerize monomeric acrylic esters. 
It is one of the most effective catalysts for 
bringing about copolymerization. In the 
manufacture of methyl methacrylate rods, 
the partially polymerized methyl methacry- 
late, containing about 10 per cent dibutyl 
or diamy] phthalate as a plasticizer and the 
requisite amount of benzoyl peroxide, is cast 
in tubes (2). Production of benzoyl peroxide 
in the United States amounted to 1,768,000 
pounds in 1954. 


Toxicity 


In spite of its somewhat extensive use in 
the flour-milling industry as a bleaching 
agent, very little investigation of the toxic- 
ity of benzoyl peroxide has been made and 
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so far no injurious effects of industrial im- 
portance have been noted. It is known, how- 
ever, that benzoyl peroxide inhibits growth 
in plants by causing the disappearance of 
the food factor (3), and such feeding ex- 
periments as have been done with animals 
indicate that benzoyl peroxide causes loss 
of body weight and decreases the life span of 
the animals. According to de Vitéz, animals 
fed both flour paste and baked products 
made of flours treated with benzoyl perox- 
ide have a deleterious effect on the health of 
the animal (4). While benzoyl] peroxide is of 
relatively minor importance in industrial 
hygiene, the question has occasionally 
arisen regarding exposure of employees to 
small amounts of this material in environ- 
mental dusts. However, since benzoyl per- 
oxide possesses a low order of toxicity, no 
particular danger has so far been indicated 
from this source. No maximum allowable 
concentration has been set by any agency 
for benzoy! peroxide dust. 


Analysis 


The determination of benzoyl peroxide 
dust in air has been investigated by Dolin 
(5). The method advocated is based upon 
the oxidation of iodide by the peroxide and 
is stated to be sensitive to 3 micrograms 
by visual means, or to 1 microgram when 
read in a photoelectric colorimeter. 


REFERENCES 


1. Riegel, E. R.: Industrial Chemistry. Reinhold 
Publ. Corp., New York, 1937, p. 307. 

2. Wakeman, R. L.: The Chemistry of Commercial 
Plastics. Reinhold Publ. Corp., New York, 
1947, p. 474. 

3. Went, F. W.: A case of correlative growth in- 
hibition in plants. Am. J. Botany 26: 505 
(1939). ; 

4. de Vitéz, I.: Examination of chemical agents for 
flour treatment by means of feeding experi- 
ments. Kisérleliigyi Kozlemények 387: 111 

1944). 

5. Dolin, B. H.: The determination of benzoyl per- 
oxide dust in air. Monthly Rev., N. Y. State 
Dept. Labor 30: 25 (1951). 


BENZYL CHLORIDE 


Characteristics 

Benzyl chloride, a-chlorotoluene, 
C,Hs-CH2-Cl, (not to be confused with o- 
chlorotoluene, which is 1-chloro-2-methyl- 
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benzene) is a colorless liquid with a pungent 
and somewhat unpleasant and irritating 
odor. Its melting point is —43° C. and boiling 
point 179° C. (160° at 92 millimeters). It 
is a very refractive liquid, having an index 
of refraction of n 15/p 1.5415 and a density 
of p 4/4 1.1135. It is volatile with steam. 
Benzyl chloride is hydrolysed slowly by 
water and decomposes rapidly when heated 
in the presence of iron. Benzyl chloride is 
insoluble in water, but is readily soluble in 
alcohol, ether and in chloroform. It is a 
valuable reagent by means of which a num- 
ber of derivatives may be prepared, as its 
chlorine atom is readily exchanged. When 
heated with water and lead nitrate it yields 
benzaldehyde. It is readily oxidized to ben- 
zoic acid. Benzyl chloride is prepared by the 
careful chlorination of boiling toluene. 


Uses 


Benzyl] chloride is extensively used in in- 
dustry in the manufacture of basic and acid 
colors, pharmaceutical products, resins, syn- 
thetic tannins, and perfumes. It is used in 
the commercial preparation of both benz- 
aldehyde and benzoic acid and finds par- 
ticular application in the introduction of 
the benzyl group in intermediates prior to 
sulfonation in the preparation of acid dyes. 
The extent to which it is used is indicated 
by the production figures of 5,768,000 
pounds in 1949 in the United States and 
11,545,000 pounds in 1954. 

Toxicity 

Aromatic compounds having a halogen- 
bearing side chain often have pronounced 
lachrymatory powers. Benzy] chloride is no 
exception to this. Its vapor is highly irritat- 
ing to the eyes, nose, and throat and to all 
mucous membranes. It is classified as a 
powerful lacrimator. The paucity of infor- 
mation regarding industrial contact with 
this substance doubtless is the result of the 
unpleasant and rather immediate effects of 
exposure, and it therefore serves as its own 
warning agent. While the toxic dose of 
benzyl chloride vapor for undifferentiated 
cells was shown by Lallemand (1) to pro- 
duce its effect in 5 hours, as compared with 
several days for such substances as the vapor 
of phenol, aniline, and carbon tetrachloride, 
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relatively large doses have been used in an- 
imal experiments without producing severe 
systemic poisoning. According to Sherwin 
and Hynes (2), both benzyl alcohol and 
benzaldehyde (which might conceivably be 
anticipated as hydrolytic and oxidative 
products and which are readily formed in 
vivo) are excreted as hippuric acid. Stekol 
(3) however found that the detoxication 
mechanism follows the path of mercapturic 
acid formation with elimination of the halo- 
gen and that the substance as finally ex- 
creted in the urine is benzylmercapturic 
acid. Stekol points out the interesting fact 
that benzy] chloride induces sensitization in 
animals and states that the tissue protein 
may be the common factor in the mechanism 
of sensitization and detoxication of benzyl 
chloride in animals. Flury and Zernik (4) 
state that 16 parts per million cannot be 
tolerated by man for longer that 1 minute. 
So far as industrial exposure is concerned, 
no maximum allowable concentration value 
has been established; however, 1 part per 
million has been suggested as a tentative 
figure. The possibility of sensitization with 
reference to workers exposed to low con- 
centrations of benzyl chloride may be of 
particular interest and worthy of considera- 
tion in the establishment of a permissible 
working value. 


Analysis 


Apparently no method for the determina- 
tion of benzyl chloride as an aerial con- 
taminant has been developed. However, 
the ease with which benzyl chloride is hydro- 
lysed makes possible a convenient method 
of analysis of a collected sample by reflux- 
ing with a dilute aqueous solution of silver 
nitrate. Similarly it should also be possible 
to determine very small amounts by reflux- 
ing followed by a nephelometric procedure 
with a silver salt. 
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BITUMINOUS SUBSTANCES 


Characteristics 


Asphaltum, mineral pitch, Judean pitch, 
bitumen, Trinidad asphalt, rock asphalt, 
Bermudez Lake asphalt, gilsonite, graham- 
ite, and glance pitch all refer to natural as- 
phalt. These various materials constitute 
only about 10 per cent of the total of as- 
phalts consumed in the United States, while 
the petroleum asphalts account for at least 
90 per cent of the asphaltic materials con- 
sumed in this country. The native asphalts 
are dark brown to black, solid or semi-solid 
hydrocarbons which usually are mixed with 
inorganic material such as limestone, clay, 
or, in the case of Trinidad asphalt, volcanic 
ash. The term bitumen is applied to the mix- 
ture of native or pyrogenous hydrocarbons, 
including various oxygen-, nitrogen-, and 
sulfur-bearing compounds, whereas the term 
asphalt is applied to the native or artificial 
product containing bitumen mixed with inert 
mineral matter. Bitumens are soluble in 
carbon disulfide. Coal tar and coal tar pitch 
both contain bitumen, but, while sharing 
many physical properties and commercial 
uses In common with asphaltic pitch and re- 
lated substances, are not at all identical 
chemically with the latter. The former con- 
tain, or yield on distillation, a great variety 
of organic substances, such as benzene and 
more highly condensed aromatic compounds, 
including naphthalene, anthracene, and 
phenanthrene, together with phenols and 
heterocyclic compounds, such as thiophene, 
acridine, pyridine, quinoline, etc. Native as- 
phalt on the other hand may be considered 
an end product from which the more volatile 
constituents have been removed. Both the 
natural and the artificial bitumens in carbon 
disulfide solution show a similar ultramicro- 
Scopic picture, but the natural and petro- 
leum asphalts differ in this respect, owing to 
the mineral content of the former. The ultra- 
microscopic image of dilute solutions of coal 
tar in nitrobenzene, as well as similar solu- 


—— 


CARBON COMPOUNDS 


tions of natural and petroleum bitumens, is 
that of carbon particles. The number of fine, 
freely moving particles is a measure of the 
binding power of the tar. When ether or 
ethyl acetate are added to a solution of as- 
phaltic bitumen in carbon disulfide, precipi- 
tation of the so-called “asphaltenes” occurs. 
That portion of the bituminous substance 
soluble in carbon disulfide but insoluble in 
carbon tetrachloride is designated as the 
“carbenes”. Grahamite and certain other 
hard native asphalts contain a certain 
amount of this fraction, while carbenes are 
absent from petroleum asphalt unless it has 
been overheated or overblown. The portion 
of material present in asphalt which is sol- 
uble in petroleum naphtha is designated as 
“netralenes” and represents the oily portion. 
The composition and physical properti¢s of 
asphalt from .various sources vary greatly 
and data with reference to specific gravity, 
melting point, asphaltene, resin and oil con- 
tent, as well as penetration, ductility, and 
ash content have very little general signifi- 
cance, although in specific instances for 
purposes of comparison they are most im- 
portant. 


Industrial Uses 


It is unnecessary to elaborate on the mul- 
titudinous uses of asphalt, but it may be 
stated that these include the paving of 
streets, parking lots, and airports, as well as 
roofing of various types. Vast amounts of 
asphalt are also used in waterproofing 
structural elements of buildings, and for 
flooring, expansion joints in concrete, in the 
paint and varnish industry, in wood impreg- 
nation and electrical insulation, to mention 
but a few of its outstanding applications. 
The production of native asphalt and bitu- 
mens in the United States in 1951 amounted 
to 1,443,955 short tons, while the production 
of petroleum asphalt in 1951 amounted to 
12,055,500 short tons (1). Coal tar produced 
in the United States in 1951 amounted to 
795,311,283 gallons (1), an increase of 
5,442,516 gallons over that of 1950. 


Toxicity 
Workers are exposed to the dust of as- 
phalt in crushing, grinding, and riddling 
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operations and to the fumes of this material 
in heating or boiling it, or, in special opera- 
tions, such as the manufacture of steel where 
the molten metal is poured into pitch- or 
tar-coated molds (2). The grinding of as- 
phalt which produces large quantities of 
dust has been said to cause serious affection 
of the cornea. Furthermore, the fumes aris- 
ing from heated asphalt produce inflamma- 
tory conditions of the eyes and respiratory 
passages and a peculiar yellowish condition 
of the skin. Photosensitization is said to oc- 
cur in individuals exposed to heated tar and 
this has been attributed to the acridine and 
anthracene content of the fumes. According 
to Flury and Zernik (3) not all asphaltic 
materials behave similarly. Thus, asphaltic 
residues from the distillation of American 
petroleum do not produce the effects at- 
tributed to other asphaltic materials. Tar 
melanosis occurs in workers after some 
weeks of exposure to coal tar fumes or vapor. 
The skin of employees so exposed first ex- 
hibits the yellowish pigmentation noted 
above. On further continued exposure the 
skin turns dark brown. The covered skin is 
not affected. Acne is common among tar 
workers exposed to the fumes of this mate- 
rial and the keratoses resulting from tar and 
pitch comedones occasionally results in a 
“shagreen” skin, according to White (4). 
The carcinogenic properties of coal tar and 
coal tar pitch have been a frequent matter 
of comment. Prior to 1942, according to 
Hueper (5), 130 cases of occupational can- 
cer from this source had been reported in 
continental Europe since 1875, while 1,400 
cases were reported in the British Isles since 
it was first observed in 1892. Davies (6) has 
referred to the intensely carcinogenic prop- 
erties of certain coal tar derivatives, such as 
3,4-benzpyrene and 1,2,5,6-dibenzanthra- 
cene. 

While tar cancer has become a well- 
established entity, petroleum asphalt is 
stated to have a lower carcinogenic potency 
(7). It should be pointed out that certain 
constituents of coal tar fume, such as acri- 
dine (which is very irritating to the skin), 
are not carcinogenic. Hueper states: “In- 
formation as to the potential carcinogenic 
qualities of native asphalt is available only 
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in connection with the asphalt mined from 
the Pitch Lake in Trinidad. Ross, who cited 
the observations by physicians who were em- 
ployed by the company handling the opera- 
tions as Pitch Lake and who supervised the 
workers, stated that ‘no cutaneous epitheli- 
omatous lesions had been seen in the work- 
ers engaged in the mining and transport of 
the asphalt.” Thus, it would appear that the 
fumes or dust of native asphalts do not 
present a substantial health hazard in com- 
parison with fumes or dust of coal tar or 
coal tar pitch. 


Analysis 


The chemical and physical examination of 
asphaltic or other bituminous material, 
while of great industrial importance, is of 
little concern to the industrial hygienist, ex- 
cept in those few cases where identification 
of the material may be in doubt. On the 
other hand, the dust or fume content of the 
air may be of significance. There is no con- 
venient method available for the identifica- 
tion of tar, pitch, or asphaltic fumes in 
general, However certain constituent sub- 
stances, particularly in the case of tar 
fumes, are useful for purposes of identifica- 
tion. Thus, the diazo reaction for fumes 
carrying phenols, the anthraquinone reac- 
tion for anthracene, and the thiocyanate 
test with various metal salts for acridine 
may be found helpful in such instances. In 
the case of dust exposures, samples may be 
secured in an impinger apparatus using 
water as the suspension medium and dust 
counts and particle size measurements may 
be made in the usual manner. With mate- 
rial somewhat oily in nature, it may be nec- 
essary to suspend the particulate material in 
alcohol rather than water, in order to secure 
adequate dispersion for microscopic obser- 
vation. 
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BROMOFORM 


Characteristics 


Bromoform, tribromomethane, CHBrs, is 
a heavy, colorless liquid, with a character- 
istic odor and taste somewhat reminiscent of 
that of chloroform. It boils at 149.6° C., 
melts at 7.8° C., has a density of 2.980, and 
index of refraction n 19/p of 1.5980. The 
vapor pressure at 22° C. is 5 millimeters of 
mercury; and at 48° C. it is 20 millimeters 
of mercury. Bromoform is soluble in the 
usual organic solvents and disolves in water 
to the extent of 3.19 grams per liter at 30° C. 
Bromoform is prepared by heating acetone 
or ethy] alcohol with bromine in the presence 
of alkali followed by distillation. 


Industrial Uses 


While bromoform has been employed 
medicinally to a slight extent as an anti- 
spasmodic, its toxicity has largely contra- 
indicated this practice. Apart from its ap- 
plication to organic synthesis, bromoform is 
largely used by petroleum geologists for the 
separation of mineral species in sedimentary 
petrographical surveys. 

Toxicity 

Bromoform has anesthetic properties sim- 
ilar to those of chloroform but is not suffi- 
ciently volatile for inhalation purposes and 
is far too toxic to be recommended. In addi- 
tion to its narcotic effects, it is a liver and 
metabolic poison in general. The inhalation 
of small amounts of bromoform vapor 
causes irritation, provoking the flow of tears 
and saliva and reddening of the face. Ac- 
cording to Gonzales and his associates (1), 
a number of deaths have been caused by the 
use of bromoform as a sedative in whooping 
cough. In contrast with this, severe indus- 
trial poisoning by the inhalation of bromo- 
form has not so far been reported. It should 
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be pointed out, however, that petroleum 
geologists working in closed rooms with a 
large number of funnels or open separatory 
flasks as required for routine procedure in 
the separation of minerals can be subjected 
to appreciable concentrations of bromoform 
as an atmospheric contaminant. No thresh- 
old limit value has so far been established 
for bromoform. 


Analysis 


The determination of small concentra- 
tions of bromoform vapor in air should pre- 
sent no particular difficulty to the industrial 
hygiene chemist. In addition to the general 
methods for the determination of the halo- 
gens in halogenated hydrocarbons, bromo- 
form may be decomposed by a microcom- 
bustion method and the inorganic or the free 
bromine caused to react with fluorescein (2). 
The latter reacts with free bromine to form 
eosin and the depth of coloration is pro- 
portional to the amount of bromine present. 
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1,3-BUTADIENE 


Characteristics 


1 ,3-Butadiene, CH_=—CH—CH—CHag, an 
unsaturated hydrocarbon, is a colorless gas 
as room temperature and has an aromatic 
odor. It boils at —4.7° C. under 1 atmos- 
phere pressure. The specific gravity is 0.6274 
F 60/60 (1) and the melting point is —108.9° 
C. Butadiene is insoluble in water but in- 
finitely soluble in a number of organic sol- 
vents. This substance is manufactured in 
quantity by a number of different methods. 
The earlier process of catalytic conversion 
of ethyl alcohol into butadiene has been 
gradually surpassed by its derivation from 
cracking naphtha and light oil. Another 
process which has, however, not reached any 
particular commercial magnitude is that of 
the dehydration of 2,3-butylene glycol 
made by the fermentation of grain. 
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The great importance of butadiene in the 
production of synthetic rubber, following 
the sudden termination of the importation 
of natural rubber at the beginning of the 
war, is shown by its production figures. The 
total production of butadiene during 1946 
was 1,074,040,000 pounds of which 
780,000,000 pounds was derived from petro- 
leum, while the remainder was prepared 
from ethanol. Production of butadiene from 
alcohol decreased from 723,814,000 pounds 
in 1944 to 470,000,000 pounds in 1946, due 
largely to increased production from petro- 
leum (2). In 1946, 1,707,784,000 pounds of 
synthetic rubber was produced in the United 
States and of this 1,377,517,000 pounds was 
Buna § (the butadiene-styrene type of syn- 
thetic rubber) and 13,615,000 pounds was 
Neoprene and Buna N (the butadiene- 
acrylonitrile type) (3). 


Toxicity 


The toxic effects of 1,3-butadiene were 
extensively investigated by Carpenter and 
his associates (4) and, in general, it may be 
said that its toxicity to man is not very 
great. Butadiene in concentrations of 600, 
2,300, and 6,700 parts per million caused no 
significant progressive injury to small ani- 
mals during an 8-month exposure period of 
6 days a week, 7/2 hours a day. However, 
the highest concentration did retard growth 
slightly and in some instances caused light, 
cloudy swelling of the liver. The narcotic ac- 
tion of butadiene was shown to be less than 
that of benzene or toluene. Two human sub- 
jects found that 8,000 parts per million of 
butadiene had an effect no greater than 200 
parts per million of toluene. Apart from its 
narcotic effect at very high concentrations, 
butadiene is regarded as practically innocu- 
ous and has little, if any, cumulative effect. 
Analysis 

The method employed by Carpenter and 
his associates (4), which is applicable to the 
determination of butadiene in the absence 
of other organic gases, depends upon the 
oxidation of the butadiene with iodine pent- 
oxide and determination of the liberated 
iodine. In the presence of other saturated 
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and unsaturated hydrocarbons, Cuneo and 
Switzer (5) have developed a method which 
consists essentially in absorption of the gas 
by mercuric nitrate solution and subsequent 
hydrogenation. Gregg (6) has recently mod- 
ified the conventional molten maleic an- 
hydride procedure for the technical de- 
termination of butadiene by devising an 
especial absorption pipette. 
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2-BUTANONE 


Characterisitcs 


2-Butanone, methyl ethyl ketone, 
CHsCH2COCHs, boils at 80° C., melts at 
—86.4° C., has a density of p 20/4 0.805, 
and an index of refraction of n 20/p 1.3791. 
It is a colorless liquid with an odor re- 
sembling that of acetone and is miscible with 
water, alcohol, and ether. With a saturated 
solution of sodium bisulfite, 2-butanone 
forms a bisulfite addition compound and on 
oxidation with chromic acid, it yields acetic 
acid. It has a vapor pressure of approxi- 
mately 119 millimeters of mercury at 30° C. 
The flammable point for butanone is reached 
when the concentration rises above 1.81 per 
cent at room temperature. At initial temper- 
atures of 100, 150, and 200° C., the lower 
flammable limits of 2-butanone in air are 
1.7, 1.5, and 1.3 per cent by volume and the 
upper limits are 9.7, 9.8, and 9.9 per cent re- 
spectively (1). Methyl ethyl ketone may be 
prepared by the reaction of 2-chloro-2- 
butane with slightly diluted sulfuric acid at 
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20 to 40° C. followed by steam distillation 
(2). 


Industrial Uses 


Methy] ethyl ketone is a valuable solvent 
for viny] resins, nitrocellulose, and synthetic 
rubber. In the anhydrous state, it presents 
solvent properties equal to that of acetone, 
its evaporation rate, however, is definitely 
slower than acetone, a fact responsible for 
its initial blush-resistance in lacquer. There 
is a tendency to replace ethyl and isopropyl 
acetate, as well as benzene, with butanone. 
Butanone is an active solvent and is used in 
thinners for wood-finishing lacquers, as a 
solvent in cellulose acetate lacquers, and as 
a solvent for resins used to waterproof 
military raincoats. It is used in organic syn- 
thesis, in paint removers, in artificial leather 
dressings, in dopes and dyes, and in the 
manufacture of smokeless powder. 


Toxicity 


Patty, Schrenk, and Yant (3) found that 
butanone vapor is markedly irritating to 
the nose and eyes of man in concentrations 
found to be harmful to guinea pigs. Further- 
more, the vapor has distinct warning prop- 
erties of both odor and irritation in those 
concentrations which were apparently 
harmless to guinea pigs after several hours 
of exposure. The symptoms of intoxication, 
in general, are those of eye and nose irrita- 
tion and, in particular, narcosis. Flammable 
mixtures of butanone vapor in air are prac- 
tically intolerable because of these irritant 
properties. Specht, et al. (4) found that with 
guinea pigs, butanone produced a progres- 
sive narcosis characterized by depression of 
body temperatures, respiratory rate, and 
heart rate in direct proportion to the con- 
centration of the inhaled vapor. Greenburg 
and Moskowitz (5), in an investigation of 
solvents in the synthetic rubber industry. 
found that as a solvent for Buna N, methyl 
ethyl ketone could be tolerated in higher 
concentrations than either ethylene dichlo- 
ride or propylene dichloride and that em- 
ployees should experience no difficulty in 
working in concentrations as high as 500 
parts per million. Since butanone is often 
substituted for benzene as an effective sol- 
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vent for gums and resins and as a latent 
solvent for cellulose acetate, it should be 
pointed out that disabling skin dermatoses 
may develop in sensitive individuals ex- 
posed to this material (6). While a sensory 
response of 200 parts per million has been 
suggested (7), the maximum allowable con- 
centration values adopted by various official 
industrial hygiene agencies vary from 150 
to 500 parts per million. 


Analysis 


Cassar’s method (8) has been used with 
minor modifications in several investiga- 
tions relating to the toxicity of butanone. 
In this method, butanone reacts with iodine 
in alkaline solution and the excess iodine is 
titrated with standard sodium thiosulfate 
solution. In using this method for the de- 
termination of quantities of butanone vary- 
ing from 16 to 48 milligrams, Patty, 
Schrenk, and Yant (3) obtained an average 
recovery of 107 per cent. The increase is ap- 
parently due to a secondary reaction in 
which 10 mols of iodine react with 1 mol of 
butane in place of 6 mols of iodine with 1 
mol of ketone. As the results are consistent, 
however, the method is useful over the range 
indicated. 
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n-BUTYL ACETATE 


Characteristics 


n-Butyl acetate, CH3CO2C4Ha, is a color- 
less liquid with an agreeable odor in low 
concentrations, but disagreeable in concen- 
trated form. The boiling point and density 
of purified n-butyl acetate are 126.09° C. 
and pD 25/4 0.87636 (1). The index of refrac- 
tion is n 15/p 1.39614 and the flash point is 
39° C. The vapor pressure of n-butyl acetate 
is 3.0 millimeters of mercury at 0° C., 15.0 
millimeters of mercury at 25° C., and 45.0 
millimeters of mercury at 50° C. n-Butyl 
acetate is miscible in all proportions with the 
common organic solvents. The saponifica- 
tion equivalent is 116. On saponification 
with alkali, n-butyl acetate yields n-butyl 
alcohol and acetic acid. n-Butyl acetate is 
made from n-butanol which is produced 
abundantly and cheaply by the Weizmann 
fermentation process, using the organism 
Clostridium acetobutylicum Weizmann, 
which is capable of fermenting a variety of 
starches. The fermentation products are 
butanol, acetone, and ethanol in the ratio of 
6:3:1. Optimum fermentation occurs within 
the range 37 to 42° C. and a pH of 5 to 7. 
About 96 per cent of the original amount of 
carbohydrate is converted to fermentation 
products. 


Industrial Uses 


n-Butyl acetate is largely used in the lac- 
quer industry as an important solvent for 
nitrocellulose lacquers. It is also used in the 
manufacture of lacquer inks, coated papers, 
patent and enameled leathers, photographic 
film, polishes, pyroxylin plastics, and in the 
manufacture of vinyl resin and cellulose 
acetoproprionate finishes. During 1954, the 
United States production of normal butyl 
acetate was 78,255,000 pounds. n-Buty] ace- 
tate is especially suitable as a solvent for 
nitrocellulose in the lacquer industry be- 
cause of its slow evaporation property. Lac- 
quer produced with this solvent has good 
“blush resistance” and good flow. While such 
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solutions made with highly nitrated cotton 
are viscous, it has been found that pyroxylin 
can be modified by heating under pressure 
in contact with very dilute acid. Solutions 
of this material in n-butyl acetate can be 
made of adequate concentration, yet are 
thin enough to flow freely. The volume of 
n-butyl acetate consumed by the lacquer 
industry is probably several times that of all 
the other solvents in this class. 


Toxicity 

The acute physiological response of 
guinea pigs to air containing a commercial 
grade of normal butyl acetate was deter- 
mined by Sayers, Schrenk, and Patty (2). 
At room temperature it was not possible to 
attain a concentration that was dangerous 
to the life of guinea pigs in 30 to 60 minutes. 
Exposure to 10,000 to 14,000 parts per mil- 
lion per cent vapor is considered dangerous 
to life of guinea pigs after several hours; 
7,000 parts per million per cent is the maxi- 
mum amount for 1 hour exposure without 
serious disturbance other than eye and nasal 
irritation; and 3,300 parts per million per 
cent is the maximum amount for several 
hours’ exposure with but slight or no symp- 
toms. The symptoms are principally those 
of eye and nasal irritation and narcosis. Men 
exposed to the above percentages of n-butyl 
acetate vapor in air even for a short time 
pronounced the atmosphere extremely dis- 
agreeable because of its strong odor and ir- 
ritation to eyes and nasal passages (2). 
Similar effects on workers with butyl ace- 
tate have been observed by Busing (3) and 
by Baldi (4). 


Analysis 


Determination of normal butyl acetate in 
air when present as the only constituent of 
exposure may be made by adsorption on 
known weights of activated charcoal. Since, 
however, the solvent vapor is usually made 
of several constituents, this method is only 
applicable in restricted cases. An alternative 
method consists in hydrolysis of a sample 
of the contaminated air which should be 
from 5 to 20 liters in volume. Such a sample 
drawn through a bottle of this volume until 
uniform conditions exist is absorbed by ad- 
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mitting 10 to 50 milliliters of 95 per cent 
alcohol and the solution washed into an 
Erlenmeyer flask with additional alcohol. An 
accurately measured volume of tenth normal 
sodium hydroxide is then added and the so- 
lution refluxed for 1% hour in order to hy- 
drolyze the acetate. The excess sodium hy- 
droxide is then titrated with standardized 
tenth normal sulfuric acid using phenolphth- 
alein as an indicator and the quantity of 
n-butyl acetate calculated from the amount 
of sodium hydroxide required for hydrolysis. 
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THE BUTYL ALCOHOLS 


Characteristics 


Four isomers of butyl alcohol, C4H100, 
are theoretically possible—two primary, one 
secondary, and one tertiary. For conven- 
ience, their properties are listed in Table 2. 

Normal butyl] alcohol is a colorless liquid 
which at room temperature dissolves in 11 
parts of water. The flash point is 34° C., the 
rate of evaporation from filter paper is about 
1/300 that of ether, and the vapor pressure 
at 20°.C. is*4.3 millimeters of mercury and 
at 40° C. is 18.6 millimeters of mercury. iso- 
Butyl! alcohol is also a colorless liquid and 
it dissolves in about 10 parts of water. It has 
a flash point of 22°C. and a volatility of 
1/500 that of ether. While only slightly solu- 
ble in water as indicated above, all the butyl 
alcohols dissolve freely in the usual organic 
solvents. Normal buty] alcohol is largely 
obtained by the bacterial action of selected 
organisms on corn and other carbohydrate- 
bearing substances. Several types of bacteria 
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TABLE 2 
ne 


Substance Formula 





n-Butyl alcohol, (butanol-1) 


tsoButyl alcohol, (2 methyl- 
propanol-1) 


Secondary butyl alcohol, (bu- 
anol-2) 


Tertiary butyl alcohol, (2 
methyl-propanol-2) 


(CHs)s-COH 





C:H;—CH:—CH,0H 0.80960] 118.0 


(CH;)2—CH—CH,0H 


C.H;—CHOH—CH; 


Density | Boiling Melting 


D 20/4 [Point °C. Point °C. Index of Refraction n 25/pD 











—90.2 | 1.3974 
.80196} 108.1 |—108.0 | 1.3939 
0.80692} 99.5 |—114.7 | 1.39495 
0.78670} 82.5 25.55) 1.38779 n 20/p 


ne 


are used. such as Bacillus macerans, the 
butylic bacillus of Fitz, or the organism 
known as B. clostridium acetobutylicum 
which is used in the widely employed Weiz- 
mann process. Secondary butyl alcohol is 
prepared synthetically from the vapor pres- 
sure cracking of gas containing butene-1 and 
butene-2. isoButy] alcohol has been obtained 
in large quantities as a by-product in the 
preparation of synthetic methyl] alcohol. It 
exhibits the typical reactions of a primary 
alcohol except that the presence of a 
branched chain next to the carbinol group 
makes rearrangement unusually easy. Sec- 
ondary butyl alcohol is produced by hy- 
drating the corresponding olefin. Tertiary 
butyl alcohol is readily obtained from the 
hydration of zsobutylene. 


Industrial Uses 


Of the 408,061,000 pounds of butyl alco- 
hol (including all isomers) manufactured in 
1954, 194,407,000 pounds was normal butyl 
alcohol. Approximately 60 per cent of the 
total amount is used in the manufacture of 
chemicals of which the most important are 
butyl acetate, butyl phthalate, butyl] cello- 
solves, and butyl amines. Fifteen per cent of 
the total amount manufactured was used in 
lacquer solvent material for various types of 
coatings (aircraft and ammunition), textiles, 
dyes, and leather. Additional uses for the 
butyl alcohols are to be found in the field of 
resins and plastics, photography and films, 
hydraulic brake fluids, and oil additives. A 
particularly useful application of butanol in 
industry is that of blending otherwise incom- 


patible materials. For example, about 5 per 
cent of butanol will permit petroleum naph- 
tha and alcohol to blend in all proportions. 
Solutions of certain resins and gums, which 
cannot be mixed together without precipita- 
tion of one of the dissolved constituents, 
yield a perfectly homogeneous solution with 
the aid of butanol. The commercial value of 
isobutyl alcohol is less than that of normal 
butyl alcohol but greater than that of sec- 
ondary butyl alcohol. It is used as a lacquer 
co-solvent but particularly for the produc- 
tion of the corresponding acetate. Secondary 
butyl alcohol is important as an intermedi- 
ate in the production of secondary butyl 
acetate and of butanone. Tertiary butyl al- 
cohol is employed as an alkylating agent in 
the preparation of tertiary butylphenol. 


Toxicity 

Although a considerable amount of ani- 
mal experimentation has been done with 
reference to the physiological response to 
n-butyl alcohol and its isomers, no serious 
industrial poisoning has been traced specifi- 
cally to any one of these substances. n-Butyl 
alcohol in a single dose is approximately 
three times as toxic as ethyl alcohol and the 
vapor is more irritating than that of ethyl 
alcohol but less than that of amyl] alcohol. 
Recent experimental work, however, in 
which the toxicities of a number of alcohols 
were compared with reference to their effects 
on goldfish, indicates that the toxicity of 
normal butyl alcohol is higher than previ- 
ously reported (1). Furthermore, Cogan and 
Grant (2) have reported an unusual type of 
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keratitis associated with industrial exposure 
to n-butanol, although they were unable to 
reproduce these effects in mice, guinea pigs, 
rabbits, or dogs. Tabershaw, Fahy, and 
Skinner (3), in an investigation of six in- 
dustrial plants using butanol as a solvent, 
found that eye inflammation occurs when 
the atmospheric concentration of butanol 
vapor is above 50 parts per million. Smyth 
and Smyth (4) found that animals survived 
exposure to 100 parts per million over a long 
period of time but showed a definite change 
in the blood picture. These experiments re- 
vealed a decrease in erythrocytes and a rela- 
tive and absolute lymphocytosis. While ex- 
perimental work has confirmed Overton’s 
early statement that the normal alcohols are 
always more toxic than their secondary iso- 
mers, the differences noted with the butyl 
alcohols are not striking and the question of 
the relative toxicity of the various buty] al- 
cohols is largely academic. Nelson and his 
co-workers (5) have suggested a sensory 
limit of less than 25 parts per million, since 
many individuals find the odor of butanol 
in concentrations above that figure to be dis- 
agreeable. Various governmental agencies 
have set a maximum allowable concentra- 
tion at values varying from this figure to 
300 parts per million. 


Analysis 


n-Butanol yields n-butyraldehyde on oxi- 
dation with chromic and sulfuric acids, 
whereas isobutyl alcohol under similar con- 
ditions yields tsobutyraldehyde, boiling 
point 63° C. and isobutyl isobutyrate, boil- 
ing point 148.7° C. Tertiary butyl alcohol, 
when similarly oxidized, yields acetone, ace- 
tic acid, and carbon dioxide. Distilled with 
hydrobromic acid, n-butyl alcohol yields 
n-butyl bromide, boiling point 101° C.; sec- 
ondary butyl alcohol yields secondary butyl 
bromide, boiling point 91° C.; isobutyl alco- 
hol yields isobuty] bromide, boiling point 
91°C.; and tertiary butyl alcohol yields 
tertiary butyl bromide, boiling point 72° C, 
(The melting points of the lower alcohols are 
rather low but are useful in the differentia- 
tion of tertiary butyl alcohol.) The xantho- 
genate test referred to by Feig] (6) is said 
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to be sensitive to 1 milligram, but is not spe- 
cific for the butyl alcohols. Similarly, the 
iodimetric titration method of determination 
is not specific, since other substances re- 
spond similarly. The differentiation of the 
various butyl alcohols by their color reac- 
tion with furfural has been investigated by 
Ekkert (7) and the color development pre- 
sents the possibility of quantitative appli- 
cation. 
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BUTYLAMINE 


Characteristics 


The physical properties of the butyla- 
mines are listed in Table 3. n-Butylamine, 
or 1-aminobutane, is the butylamine of most 
industrial importance, although the other 
amino derivatives of butane are commer- 
cially available. n-Butylamine is a liquid 
with an ammoniacal odor. It is miscible with 
water, alcohol, and ether. 


Uses 


n-Butylamine is an intermediate for the 
manufacture of pharmaceuticals and dye- 
stuffs and is used in certain synthetic tan- 
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TABLE 3 
ae e= 


Substance 


Boiling Point °C. Melting Point °C. Density Index of Refraction 
n-Butylamine a Te, ee 78 —50 Dis 0.742 n20/p 1.401 
sec-Butylamine Aptener te 63 —104 Deo 0.724 n20/p 1.394 
tsoButylamine Let Gana me 68-9 —85 p20/20 0.732 nl7/p 1.3988 
tert-Butylamine.......... 45 —67.5 Dis 0.700 nl18/p 1.3794 





ning materials. Production in the United 
States in 1953 amounted to 274,000 pounds. 
Toxicity 

n-Butylamine is an irritant substance to 
the skin on contact with the liquid and is 
irritating to the respiratory tract on inhala- 
tion of the vapor. Hanzlik (1) found that it 
caused pulmonary edema and also affected 
the central nervous system, acting at first 
to cause stimulation, and finally depression, 
convulsions and narcosis. Smyth (2) reports 
the survival of rats following an exposure 
for 4 hours at 2,000 parts per million of 
butylamine, but die following exposure to 
4,000 parts per million. Injury to the skin 
and cornea from the liquid is severe. The 
most important effect of butylamine inhala- 
tion, according to Smyth, is respiratory tract 
irritation, with lung edema as the maximum 
injury. Levels above 5 parts per million for 
workers with an 8-hour daily exposure tend 
to be irritating (3). 
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1-tert-BUTYL-4-METHYLBENZENE 


Characteristics 


1-tert-Butyl-4-Methylbenzene, p-tert-bu- 
tyltoluene, is a liquid boiling at 192.76° C. 
at 760 millimeters and freezing at —52.515° 
C. Its density is p 25/4 0.8573 and its index 
of refraction is n 20/p 1.4948. It has a molec- 


ular weight of 148.238 and it has the follow- 
ing structural formula 


C(CHs)s 


CH; 
Toxicity 


Hine and his associates (1) classify 
p-tert-butyltoluene as slightly toxic on in- 
gestion, moderately toxic on inhalation, and 
practically nontoxic on skin contact. The 
LDso value for oral ingestion by rats was 
found to be about 1,543 milligrams per kilo- 
gram of body weight. This substance pro- 
duces depression of the central nervous sys- 
tem and irritation of the pulmonary tract as 
its chief toxic inhalation effect with animals, 
while repeated exposures cause liver and 
kidney changes. Its effect on the blood more 
nearly resembles that of benzene rather than 
toluene, but in this it is not constant, nor as 
severe as with benzene. Men exposed to the 
vapor readily recognized concentrations as 
low as 5 parts per million, but the vapor 
was not especially unpleasant at 80 parts 
per million. With some individuals engaged 
in pilot plant production of p-tert-butyl- 
toluene a low-grade, transient intoxicating 
effect was noted and the symptoms were 
chiefly referable to the cardiovascular, 
hematopoietic, and central nervous systems. 
A safe maximum allowable concentration of 
10 parts per million was recommended for 
p-tert-butyltoluene. 
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Characteristics 


tsoButyl methyl ketone, hexone, (CHs3)3- 
CHCH,COCHs, is a colorless, stable liquid 
with a pleasant, somewhat camphoraceous 
odor. Its boiling point is 116.8° C., freezing 
point —84.7° C., density p 20/4 0.8008, and 
index of refraction n 17/p 1.39694. While it 
is insoluble in water, it is miscible with alco- 
hol, ether, benzene, and, in fact, most organic 
solvents. The vapor pressure of this sub- 
stance is 15.7 millimeters of mercury at 
20° C. and its flash point is 24° C. isoButyl 
methyl] ketone yields a sulfite addition com- 
pound when treated with a saturated aque- 
ous solution of acid sodium sulfite. When 
oxidized with chromic acid, it yields isobuty- 
ric, tsovaleric, and acetic acids. When re- 
duced with sodium and moist ether, it yields 
tsobutyl methyl carbinol, (CH3).CH -CHp. 
CH(OH)CHsg. 


Industrial Uses 


In common with many of the ketones, iso- 
butyl methyl ketone is a solvent for nitro- 
cellulose and certain types of cellulose eth- 
ers. It is also used commercially as a solvent 
for various oils, fats, waxes, natural and 
synthetic gums and resins. Although isobu- 
tyl methyl ketone evaporates about 50 per 
cent faster than butyl acetate, it is used to 
some extent in solvent mixtures for lacquers. 
In general, however, it is inferior to butyl 
acetate with respect to its solvent properties 
and the stronger odor of the commercial 
product somewhat limits its use. 

Toxicity 

The inhalation of tsobutyl methyl ketone 
vapor causes irritation of the conjunctival 
and nasal mucosa in man at concentrations 
below 0.1 volume per cent according to 
Specht (1, 2) and this indicates good warn- 
ing qualities. At higher concentrations, 
marked irritation is evident in guinea pigs 
exposed to this vapor as is evidenced by 
lacrimation and salivation. Progressive nar- 
cosis occurs and death finally ensues at one 
volume per cent in about four hours expo- 
sure period. Complete recovery can be ef- 
fected, however, by removal at any but the 
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terminal stages. The narcosis produced by 
inhalation of 7sobuty] methyl ketone vapor 
is characterized by depression of body tem- 
perature, the respiratory rate, and the heart 
rate, as well as by the abolition of corneal, 
auditory, and equilibratory reflexes. Gross 
and microscopic pathology is slight and re- 
sembles that of most acute reactions to sol- 
vent exposures. According to Henderson and 
Haggard (3), the irritant action of isobutyl 
methyl, ketone is more marked in relation 
to its anesthetic effect than is the case with 
acetone. 


Analysis 

The determination of isobutyl methyl] ke- 
tone as an aerial contaminant may be made 
by the method of Patty, Schrenk, and Yant 
(4) as modified by Specht (1). This pro- 
cedure, which is an iodine titration method, 
gave apparent recoveries of 104 per cent and 
is satisfactory for the concentration deter- 
mined by this investigator. 
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n-BUTYL METHYL KETONE 


Characteristics 


n-Butyl methyl ketone, hexanone-2, 
C,Hy-CO.CHs, is a water-clear liquid with 
an odor resembling acetone, although some 
what more pungent. The boiling point of this 
substance is 127.8° C., its density p 20/4 is 
0.81127, and its index of refraction n 20/D is 
1.40069. n-Buty] methyl ketone is but 
slightly soluble in water, although readily 
soluble in a variety of organic solvents. 


CARBON COMPOUNDS 


Industrial Uses 


In common with many of the ketones, 
n-butyl methyl! ketone is a good solvent for 
nitrocellulose. As an organic solvent, it is 
used to some extent for oils, fats, and waxes, 
and for vinylite products. It is used in the 
manufacture of lacquers and also in varnish 
and lacquer removers. 


Toxicity 


The physiological response of animals ex- 
posed to the vapor of n-butyl methyl ke- 
tone was determined by Schrenk and his 
associates (1). Using guinea pigs as experi- 
mental animals, these investigators found 
that a concentration of 1 to 2 volumes per 
cent in air killed the animals in a few min- 
utes, while the maximum amount that could 
be endured for 60 minutes without serious 
disturbance was 0.3 volume per cent. The 
latter concentration was found to be very 
irritating to human beings, however. The 
maximum concentration that could be toler- 
ated by animals for several hours with but 
slight or no symptoms was 0.1 volume per 
cent. At this concentration, moderate eye 
and nasal irritation occurs in human beings. 
Death apparently occurs due to a state of 
narcosis rather than to lung irritation. In 
some instances, animals were unconscious 
for several hours following exposure but ap- 
peared normal 24 hours after exposure. 
Specht and his associates (2) found that the 
progressive general narcosis was character- 
ized by depression of the body temperature, 
the respiratory rate, and the heart rate, as 
well as the abolition of corneal, auditory, 
and equilibratory reflexes. The depressant 
action of this ketone is greater than that of 
acetone, methyl ethyl ketone, or methyl 
propyl ketone and the incidence of onset of 
irritation, weakness, coma, and death was 
shown to occur earlier. The vapor of this 
ketone is immediately irritating even at 0.12 
volume per cent. 


Analysis 

The method of analysis adopted for the 
determination of the concentration of this 
ketone in air is the iodine titration proce- 
dure. Results obtained by this method are 
apparently satisfactory over ranges varying 
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from 2 to 0.1 per cent by volume, although 
somewhat higher apparent recoveries are 
obtained at lower concentrations (2). 


REFERENCES 


1. Schrenk, H. H., Yant, W. P., and Patty, F. A.: 
Acute response of guinea pigs to vapors of 
some new commercial organic compounds. X. 
Hexanone (methyl butyl ketone). U.S. Public 
ia Service, Public Health Repts. 61: 624 

2. Specht, H., Miller, J. W., Valaer, P. J., and Say- 
ers, R. R.: Acute response of guinea pigs to 
the inhalation of ketone vapors. U. S. Public 
Health Service, Natl. Insts. Health Bull. No. 
176 (1940). 


CARBON DIOXIDE 


Characteristics 


Carbon dioxide, COs, is a colorless, odor- 
less gas with a sharp taste. The density of 
the gas under standard conditions (air = 1) 
is 1.52909. One liter at 0° temperature and 
760 millimeters of pressure weighs 1.9678 
grams. Carbon dioxide gas is readily lique- 
fied and when a quantity of the liquid is 
allowed to evaporate quickly, the heat of 
vaporization is withdrawn from the remain- 
ing liquid which consequently freezes to a 
snow-like mass which is now marketed as 
“dry ice”. At atmospheric temperature, wa- 
ter dissolves about its own volume of car- 
bon dioxide forming carbonic acid. One vol- 
ume dissolves in 0.6 volume of water at 0° C. 
or 1 gram in 300 milliliters of water at this 
temperature. Carbon dioxide is less soluble 
in alcohol or most other organic solvents 
than in water. The aqueous solution is feebly 
acidic and when boiled is completely decom- 
posed with the escape of carbon dioxide. 


Industrial Uses 


The industrial utilization of carbon diox- 
ide has grown enormously during recent 
years. The production of gas or liquid in- 
creased from 153,575,000 pounds in 1931 to 
217,266,000 pounds in 1946, while the pro- 
duction of solid carbon dioxide (dry ice) in- 
creased from 84,954,000 pounds in 1931 to 
644,592,000 pounds in 1946 (1). The total 
output of gas, liquid and solid COs, had in- 
creased to 743,368 short tons in 1953. Car- 
bon dioxide gas is used in the Solvay process 
(soda ash and bicarbonate manufacture) 
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and as an autoxidant; the liquid form is 
principally used in the beverage industry, 
as a fire extinguishing agent, and as blasting 
material in the “soft” explosion method for 
coal mining. Solid carbon dioxide is used as 
a refrigerating agent and for shrink-fitting 
metal parts in industry. 


Toxicity 

Carbon dioxide is a natural excretory 
product of the body and is not a toxic sub- 
stance in the usual sense. It is true that in 
quantity it has a weak, irritating action and 


in baths charged with carbonic acid a slight. 


reddening of the skin has been noted and 
some irritation and prickling of denuded sur- 
faces is produced. Some irritation of the re- 
spiratory passages follows the inhalation of 
a high concentration. The most outstanding 
effect of inhalation is the increase in ventila- 
tion produced by stimulation of the respira- 
tory center. The recent investigations of 
Schaefer (2) on fleet type submarines with 
an exposure to 3 per cent carbon dioxide and 
15 to 17 per cent oxygen indicate a variation 
in effect with duration of exposure. In con- 
trast with experiments of short duration in 
which addition of carbon dioxide has a bene- 
ficial effect in alleviating symptoms of oxy- 
gen lack, such an addition of carbon dioxide 
has an impairing effect under conditions of 
exposure over days and weeks. Death from 
carbon dioxide poisoning is not preceded by 
convulsions. In one sense, carbon dioxide 
acts somewhat as a protoplasmic poison 
since cellular combustion is decreased to an 
extraordinary extent as shown by the greatly 
decreased oxygen absorption. Numerous ac- 
cidents involving carbon dioxide have been 
reported in the literature. Such accidents 
have occurred in cleaning of wells (3); in 
ship holds (4, 5); in silos (6, 7); and in 
vaults or cellars (8). 


Analysis 


Various methods have been suggested for 
the determination of small amounts of car- 
bon dioxide, such as the absorption of this 
gas by barium hydroxide followed by micro- 
titration, or its absorption in sodium bicar- 
bonate solution to the point of saturation 
with measurement of the resulting hydrogen 


ion concentration. Colorimetric comparison 
can be made with a series of pH standards. 
Traces of carbon dioxide may also be deter- 
mined by the decrease in intensity of color 
of a dilute solution of carbon dioxide colored 
with phenolphthalein through which the air 
is passed. Spector and Dodge (9) have es- 
tablished the accuracy of this method as 
equivalent to 10 per cent in the analysis of 
carbon dioxide in a liter sample of air con- 
taining 0.001 per cent of carbon dioxide. 
Various mechanical devices are commer- 
cially obtainable for the continuous regis- 
tration of carbon dioxide in such material as 
flue gases, where a check on efficiency of 
combustion is important. 
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CARBON DISULFIDE 


Characteristics 


Carbon disulfide, CSe, is a colorless re- 
fractive liquid, molecular weight 76.13, spe- 
cific gravity 1.263 at 20°/4° C., melting 
point —112°C., and boiling point 46.2° C. 
It has an unpleasant characteristic odor, is 
soluble in 100 parts of water to the extent of 
0.14 parts at 49°C., and mixes freely with 
alcohol and ether. It is a good solvent for 
rubber, fats, and oils. Its flash point is 
—25.5° C. to —20°C: and it has an ex- 
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CARBON COMPOUNDS 


tremely low ignition temperature of 120° to 
156° C. It is endothermic and the vapor may 
be ignited by a heavy blow. Since the vapors 
are heavier than air, the vapor density being 
2.62 (air = 1), it may travel a considerable 
distance to a source of ignition and flash 
back. The vapor pressure of carbon disulfide 
is 127.0 millimeters of mercury at 0° oy 
294.3 millimeters at 19.7° C., and 760.0 milli- 
meters of mercury pressure at 46.2° C. Car- 
bon disulfide may be prepared by passing 
sulfur vapor over red hot carbon and is 
commercially prepared in carbon-arc electric 
furnaces from coke and sulfur. 


Industrial Uses 


Carbon disulfide is used in the manufac- 
ture of viscose rayon, chemicals, and rubber. 
It is used as an insecticide, a solvent for fats, 
oils, and phosphorus, a preservative, and it 
is used to some extent in varnishes and 
enamels. It occurs as a by-product in the 
manufacture of coal gas, in the distillation 
of tar, and in the manufacture of certain 
chemicals. During 1954, production in the 
United States amounted to 476,503,000 
pounds. 

Toxicity 

Carbon disulfide has a pronounced nar- 
cotic action with high concentrations of va- 
por. Reddening of the face occurs, euphoria 
followed by stupor, motor restlessness, oc- 
casionally cramps, unconsciousness, and 
possibly death, due to paralysis of the 
respiratory center. If recovery occurs, the 
well-known after effects of narcosis are ap- 
parent and epileptiform cramps and sight 
disturbances can continue for a long time. 
A variety of symptoms occur following re- 
peated inhalation and these toxic symptoms 
in order of occurrence are: nervousness, ir- 
ritability, indigestion, bizarre dreams lead- 
ing to insomnia, excessive fatigue, loss of 
appetite, and headache. The signs of poison- 
ing generally noted include a waxy pallor, 
low blood pressure, and extreme excitement 
or depression. Repeated exposures to low 
concentrations resulting in physical disturb- 
ances may also occur. A concentration of 
about 480 parts per million represents the 
maximum amount that can be inhaled for 
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1 hour without serious disturbance. In in- 
dustry, absorption of carbon disulfide oc- 
curs mainly through the lungs, although 
toxic quantities may be absorbed through 
the skin. Absorbed carbon disulfide is 
largely excreted through the lungs, but a 
small fraction appears to be excreted 
through the urine, the sweat, and feces Ober 
The urinary excretion of carbon disulfide 
has been used as an index of absorption. 
Suitable respiratory protection is needed if 
even small concentrations of carbon disul- 
fide vapor are to be encountered. 

According to Fabre et al. (2) the physio- 
logical action of carbon disulfide appears to 
be irreversible. Vigliani and Cazzulla (3) 
found that workers under 45 years of age 
who had been exposed to a working atmos- 
phere containing 0.1 to 1 milligram CS. per 
liter for about 20 years developed asthenia, 
progressive impairment of gait and mental 
deterioration. Cesaro (4) has developed cri- 
teria for the diagnosis of occupational 
carbon disulfide poisoning. Brieger (5) has 
studied the effects of high concentrations 
of carbon disulfide vapor on the heart in 
several series of animal experiments. The 
electrocardiograms showed only minor dif- 
ferences normal in unexposed animals. Fur- 
thermore, histological examination of the 
heart revealed no significant changes. 


Analysis 


Carbon disulfide is chiefly of interest to 
the industrial toxicologist as an aerial con- 
taminant, and various methods have been 
proposed for the determination of amounts 
of carbon disulfide in the air of workrooms. 
The most satisfactory method for this pur- 
pose depends upon the formation of copper 
diethyldithiocarbamate and its colorimetric 
evaluation. A known volume of air contain- 
ing carbon disulfide is bubbled through 
absolute alcohol or zsobutanol to which di- 
ethylamine and copper acetate are added to 
form copper diethyldithiocarbamate (6). 
With the photometric procedure, it is pos- 
sible to detect concentrations as low as 1 
part per million. A modification of this 
method has been proposed for the deter- 
mination of carbon disulfide in the blood and 
urine of workers exposed to this substance 
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(7). Sonnenschein and Schafer (8) have de- 
veloped a method for the simultaneous de- 
termination of small amounts of hydrogen 
sulfide and carbon disulfide in the atmos- 
phere. The former is based on the conversion 
of p-phenylaminedimethyldiamine sulfate 
to methylene blue, while the carbon disulfide 
is determined by a modification of the di- 
ethyldithiocarbamate reaction. 
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CARBON MONOXIDE 


Characteristics 


Carbon monoxide, CO, is a colorless gas 
without taste or smell and which possesses 
very marked toxic properties. Compared 
with air, its specific gravity is 0.967. Its 
melting point is —205.7° C. and it boils at 
—190° C. Carbon monoxide is very slightly 
soluble in water (0.1178 volumes at 40° C.) 
and in condensability and other physical 
properties it closely resembles nitrogen. It 
Is essentially a reducing substance and is 
employed in many metallurgical operations 
on this account. It has the property of com- 
bining with several metals which form 
carbonyls, such as iron, nickel, cobalt, 
molybdenum, and ruthenium. It burns in air 


with a blue flame and forms an explosive 
mixture with air at 12.5 volumes per cent. 


Industrial Uses 


_Large amounts of carbon monoxide are 
used in industry under the designation of 
producer gas, which is a combustible gas 
containing nitrogen, carbon monoxide and 
small quantities of carbon dioxide, hydro- 
gen, and methane and which is formed by 
passing steam or air over coal at 1000° C. 
Carbon monoxide is particularly important 
in the large scale synthesis of methanol, 
which is formed when a mixture of carbon 
monoxide and hydrogen react under high 
pressure, and in the presence of zinc oxide 
as catalyst. The most favorable proportion 
for this synthesis is a ratio of carbon monox- 
ide to hydrogen of 1:2.2 and the conversion 
is 20 to 25 per cent. This method of synthesis 
of methanol has proved so successful that 
the production of wood alcohol by the dis- 
tillation of wood has dropped almost to a 
negligible figure. Carbon monoxide is a con- 
stituent of city gas which in most cities in 
the United States contains from 6 to 30 per 
cent or even more of this substance. The gas 
from blast furnaces contains from 24 to 30 
per cent carbon monoxide and the smoke 
from coal fire or from charcoal braziers con- 
tains variable quantities. The “after damp” 
resulting from explosions of coal dust con- 
tains carbon monoxide, as well as carbon di- 
oxide. The exhaust gas of automobiles con- 
tains variable quantities of carbon monoxide 
depending on the adjustment of the carbu- 
retor. Diesel engine exhaust also contains 
carbon monoxide, although usually con- 
siderably less than that from gasolene 
engines, 


Toxicity 


As early as 1716, the poisonous nature of 
gas given off by burning charcoal was recog- 
nized by Hoffmann (1) and many deaths 
have been caused by breathing gas resulting 
from imperfect combustion of a number of 
carbonaceous substances. Over a 10-year 
period (1926 to 1936), 46,925 deaths from 
carbon monoxide poisoning were reported in 
the United States (2); Exceedingly small 
amounts of the gas are dangerous. A concen- 
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tration of 0.02 per cent may produce the 
characteristic primary symptoms—head- 
ache and mental dullness—in a few hours’ 
time. A concentration of 0.06 per cent may 
produce headache in less than an hour and 
unconsciousness in 2 hours while 0.10 per 
cent carbon monoxide may produce un- 
consciousness in little more than an hour 
and prove fatal in 4 hours. The toxic effects 
of carbon monoxide, which are similar to 
those of anoxemia, are largely due to de- 
creased oxygen content of the blood because 
it combines with hemoglobin to form the 
very stable carbon monoxide-hemoglobin, 
which prevents oxygen supply to those tis- 
sues where oxygen is essential for normal 
body functions. Except for this, carbon mon- 
oxide is essentially a physiologically inert 
gas and is not a protoplasmic poison. The 
anoxemia resulting from the formation of 
carbon monoxide-hemoglobin does not cease 
as:soon as fresh air is inhaled as with simple 
asphyxiants but slowly diminishes as carbon 
monoxide is eliminated from the blood. Car- 
bon monoxide is not burned to carbon dioxide 
in the body and is only gradually eliminated 
from the lungs as fresh air is inhaled. The 
question of polycythemia following repeated 
exposure to low concentrations of carbon 
monoxide ig still being actively investigated. 
Apparently polycythemia in man does not 
invariably result from repeated exposures 
of this type. The concentration of carbon 
monoxide should never exceed 100 parts per 
million for an 8-hour exposure, or 400 parts 
per million for a 1-hour exposure, in an at- 
mosphere containing at least 19 per cent 
of oxygen (3). 


Analysis 

The widespread nature of exposure to car- 
bon monoxide in industry and the dangerous 
nature of this substance in general has stim- 
ulated investigation of convenient methods 
for its detection and quantitative estima- 
tion. Numerous methods have been pro- 
posed for this purpose, of which the most 
recent and most convenient is that developed 
by Martin Shepherd at the National Bureau 
of Standards (4). In this method, known 
volumes of air are drawn through small 
tubes containing highly purified silica gel 
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which, together with a palladium salt and 
ammonium molybdate, react to yield a 
series of clear-green to bluish-green colors 
which are easily differentiated so that an 
analysis may be based on an actual color- 
imetric procedure rather that measurements 
of length of tube colored. This method is 
capable of detecting and determining less 
than 1 part of carbon monoxide in 
500,000,000 parts of air in 20 minutes and of 
detecting as little as 0.001 per cent by vol- 
ume in less than 1 minute. Among other uses, 
this method may be employed for the rapid 
determination of the degree of saturation of 
the blood with respect to carbon monoxide. 
This may be done without taking a blood 
sample from the patient who has only to 
exhale alveolar air into a 20-milliliter syr- 
inge, whence it is drawn into an indicating 
tube for analysis. The method is also par- 
ticularly useful for field determinations of 
carbon monoxide. 
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CARBON TETRACHLORIDE 


Characteristics 


Carbon tetrachloride, CCl, is a colorless, 
clear, noninflammable, heavy, liquid with a 
distinctive odor. It boils at 76.8° C. and 
freezes at —23.0° C. Its density is p 20/4 
1.595 and index or refraction is n 20/D 
1.4607. The vapor pressure of carbon tetra- 
chloride reaches a value of 143 millimeters 
of mercury at 30° C. and thereafter increases 
nearly 100 millimeters for each 10-degrees 
rise in temperature until the boiling point is 
reached. It is slightly soluble in water, 1 
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cubic centimeter dissolving in 2 liters, and is 
freely soluble in various organic solvents. 
On warming with aniline and alcoholic po- 
tassium hydroxide, carbon tetrachloride 
yields phenyl isocyanide which has a pene- 
trating and characteristic odor. Under the 
some condition, chloroform also gives off 
phenyl isocyanide, but much more rapidly. 
Carbon tetrachloride is prepared by the 
chlorination of methane, by the direct chlo- 
rination of carbon disulfide, or by the in- 
direct chlorination of carbon disulfide with 
sulfur chloride, or as a by-product in the 
chlorinolysis of hydrocarbons. 


Industrial Uses 


While prior to World War II the largest 
use of carbon tetrachloride was in dry clean- 
ing, which accounted for approximately 45 
million pounds annually, its use for this pur- 
pose has greatly decreased. Commercial dry 
cleaning now accounts for approximately 8 
per cent of the annual output. At the present 
time, 56.5 per cent of the yearly consump- 
tion of carbon tetrachloride is used in the 
manufacture of dichlorodifluoromethane 
(Freon 12). The latter is largely used as a 
refrigerant and more lately as an insecticide 
dispersant (DDT). Of the total consump- 
tion of carbon tetrachloride, 11.6 per cent is 
used in fire extinguishers where, owing to its 
noncorrosive character, it is especially use- 
ful for combating fires in electrical works, 
or on electrical equipment. Grain fumigation 
accounts for 34% per cent of the total amount 
used (1). Carbon tetrachloride finds exten- 
Sive but decreasing use for degreasing oily 
machine parts and electrical equipment. It 
is also used in the extraction of oils from 
press cakes and oil seeds and for degreasing 
hides, bones, and garbage. Production in the 
United States was 234,895,000 pounds in 
1954. 


Toxicity 

Carbon tetrachloride is potentially toxic 
and prolonged, excessive, or repeated expo- 
sures to the product in any form are hazard- 
ous. It is in general a strong metabolic poi- 
son like chloroform but, while less strongly 
narcotic than the latter, it is much more 
toxic. In discussing a fatal case of carbon 
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tetrachloride poisoning following the acci- 
dental ingestion of this substance, Cairns (2) 
states that from 2 to 4 milliliters of carbon 
tetrachloride may constitute a fatal dose. 
It is easily absorbed by the mucous mem- 
brane, the lungs and, to some extent, by the 
skin. On inhalation in humans, it produces 
stupor, paresthesia of the extremities, in- 
creased secretion of saliva, weakness, faint- 
ing, and unconsciousness. Fatal poisoning 
may result from a single exposure to a high 
concentration of the vapor (3). In fatal poi- 
soning from high concentrations, the post- 
mortem results show cerebral hemorrhage 
and edema, pulmonary edema and pulmo- 
nary emphysema, and occasionally grossly 
enlarged liver. Subacute poisoning may end 
fatally in 1 to 2 weeks. Hamburger and his 
associates (4) have reported serious poison- 
ing with one fatality from the use of hair 
dressings containing carbon tetrachloride. 
In chronic poisoning which is of more im- 
mediate concern in industry, there are no- 
ticeable local symptoms of irritation of all 
the mucous membranes, conjunctival ca- 
tarrh, nausea, vomiting, stupor, fatigue, 
bronchitis, and difficulty in breathing. 
Symptoms especially important for early 
diagnosis are jaundice (not invariably pres- 
ent in serious cases), blood changes, de- 
creased blood calcium, increased urinary 
nitrogen, a limiting of the field of vision, 
increasing acidity of the gastric juice, and 
headaches. Habituation is stated to occur in 
workmen e¥posed to concentrations of from 
100 to 160 parts per million (5). However, 
Adams et al. (6) recommend a limiting con- 
centration for daily exposure of 25 parts per 
million. The thymol-barbital test has re- 
cently been applied in an experimental in- 
vestigation of animals for the establishment 
of demonstrable evidence of organic dam- 
age from the inhalation of carbon tetra- 
chloride vapor (7). McGill (8) has recently 
discussed six cases of carbon tetrachloride 
poisoning which occurred owing to inade- 
quate safety precautions in use. 


Analysis 


Most of the methods for the estimation of 
carbon tetrachloride depend upon its de- 
composition by heat in the presence of mois- 
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ture (9, 10) to yield hydrochloric acid, which 
is turn may be absorbed and titrated or 
estimated nephelometrically. The recent 
method of Cralley, Shea, and Cralley (11) 
permits collection of samples in the field 
with more simplified equipment and with 
no risk in atmospheres where explosive sub- 
stances exist. Measured amounts of air are 
passed through an absorption train contain- 
ing silica gel and magnesium perchlorate. 
The carbon tetrachloride is leached out with 
alcohol and decomposed with alcoholic po- 
tassium hydroxide, or a known amount of 
the alcoholic solution in burned, the de- 
composition products absorbed, and the 
chloride content determined by the Volhard 
method (Pernell, 12). A modification of the 
Fujiwara reaction has been described by 
Rogers and Kay (13) for the colorimetric 
determination of small concentrations of 
carbon tetrachloride. Fabre and his associ- 
ates (14) have developed a spectrophotomet- 
ric method applicable both to air sampling 
and to the analysis of biological material, 
which is based on adsorption on silica gel, 
followed by elutriation of the carbon tetra- 
chloride with acetone and its reaction with 
alkaline pyridine. 
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CARBONYL CHLORIDE (PHOSGENE) 


Characteristics 


Carbony] chloride, phosgene, COCle, is a 
colorless, volatile liquid at temperatures be- 
low its boiling point of 8.2° C. It melts at 
—75° C. and the specific gravity of the liq- 
uid is 1.392. The gas is much heavier than 
air, its relative density to that of air being 
3.4. The gas, which is highly toxic, has a 
very characteristic odor resembling that of 
green corn. Carbonyl chloride is slightly 
soluble in water, in which, however, it slowly 
hydrolyzes. It dissolves freely in benzene, 
toluene, glacial acetic acid, and most liquid 
hydrocarbons. It is a fairly stable compound 
at ordinary temperatures and in the absence 
of moisture. Phosgene in the liquid form at- 
tacks rubber and liquid phosgene is also 
capable of dissolving large quantities of 
other toxic substances used as war gases, 
such as chloropicrin, diphenyl] chlorarsine, 
and dichlorodiethylsulfide (1). Phosgene is 
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prepared by passing a mixture of carbon 
monoxide and chlorine over activated char- 
coal as a catalyst. The gas is easily liquified 
and is shipped in steel cylinders. 


Industrial Uses 


The outstanding use for phosgene pre- 
viously was that of a combat agent, for 
which purpose it was introduced by the 
Germans in 1915. It enters into many 
Friedel-Crafts syntheses with aromatics to 
produce acid chlorides or aryl ketones. It 
may also act as an agent for direct chlorina- 
tion. As it reacts with organic acids, it has 
been used to make acid chlorides and an- 
hydrides. With alcohols, it forms either 
chloroformates or carbonates. 

Toxicity 

Phosgene is much like chlorine in its 
physiological effect, but owing to the fact 
that it may be inhaled more deeply with no 
warning symptom for the first hour or so, 
it is much more insidious in its action. Fur- 
thermore, it is many times more toxic than 
chlorine itself. More than 80 per cent of the 
gas fatalities of World War I were caused 
by phosgene (2). The physiological and toxic 
effects of phosgene are caused by the local 
hydrolysis of the material at the cell site. 
The hydrolytic products are hydrochloric 
acid and carbon dioxide. The upper respir- 
atory passages are but slightly affected. 
With prolonged inhalation, however, suffi- 
cient carbonyl chloride is decomposed to 
produce marked inflammation and corrosion, 
particularly in the alveoli where the air 
maintains a maximum water content. Pul- 
monary edema appears very early. The in- 
jurious effects of carbonyl chloride are ma- 
terially increased by physical exertion. Box 
and Cullumbine have investigated the rela- 
tion between survival time and dosage with 
phosgene using rats and mice as experi- 
mental animals (3). They found that re- 
peated exposures of rats and mice to sub- 
lethal concentrations of phosgene do not 
produce an accumulative effect (4). Weston 
and Karel (5) have recently evolved a bio- 
logical method of assay of inhaled sub- 
stances using the physiological response to 
phosgene as a means of measurement. Boyd 
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and Stewart (6) found that administration 
to or bathing of frogs in sodium chloride 
solution prevented death from phosgene and 
state that death from acute pulmonary 
edema following exposure to phosgene 1s 
probably entirely due to mechanical block- 
age of the respiratory surfaces by edema 
fluid. The experiments of Potts, et al. (7) 
appear to indicate that the lethal action of 
phosgene is due to acylation of essential lung 
constituents rather than to liberation of hy- 
drochloric acid. 


Analysis 

Phosgene may be detected as an atmos- 
pheric contaminant with the usual copper 
flame detector. During World War I, strips 
of paper which had been soaked in an al- 
coholic solution of p-dimethylaminobenzal- 
dehyde and diphenylamine were used to de- 
tect phosgene in the air. In the presence of 
phosgene, the paper turns yellow to orange 
and will detect 1 part of phosgene per mil- 
lion of air. Phosgene is said to be detectable 
in the field by its so-called tobacco reaction 
(2). Smokers notice a peculiar flat’ metallic 
taste while smoking when phosgene is pres- 
ent in the atmosphere even in very low con- 
centrations. Feigl (8) refers to the detection 
of phosgene by its conversion to diphenyl 
carbohydrazine which in turn gives a violet 
color with copper salts. This test is said to 
be especially useful for the determination of 
earbony! chloride in commercial chloroform 
and carbon tetrachloride. 


REFERENCES 


1. Vedder, E. B.: The Medical Aspects of Chemical 
Warfare. The Williams & Wilkins Co., Bal- 
timore, 1925, p. 80. 

2. Prentiss, A. M.: Chemicals in War. McGraw- 
Hill Book Co., Inc., New York, 1937, p. 154. 

3. Box, G. E. P., and Cullumbine, H.: The relation- 
ship between survival time and dosage with 
certain toxic agents. Brit. J. Pharmacol. 2: 27 
(March 1947). 

4. Box, G. E. P., and Cullumbine, H.: The effect of 
exposure to sublethal doses of phosgene on the 
subsequent L(Ct) 50 for rats and mice. Brit. 
J. Pharmacol. 2: 38 (March 1947). 

5. Weston, R. E., and Karel, L.: The biological 
assay of inhaled substances by the dosimetric 
method. J. Pharmacol. Exptl. Therap. 88: 195 
(1946); J. Ind. Hyg. Toxicol. 29: 23 (1947) ; 
An adaptation of the dosimetric method for 
use in smaller animals. Ibid. 29; 92 (1947). 

6. Boyd, E. M., and Stewart, W. C.: Prevention of 
death from phosgene poisoning by adminis- 


CARBON COMPOUNDS 


tration of sodium chloride. J. Pharm. Pharma- 
col. 6: 39 (1953). 

7. Potts, A. M., Simon, F. P., and Gerard, R. W.: 
The mechanism of action of phosgene and di- 
phosgene. Arch. Biochem. 24: 329 (1949). 

8. Feigl, F.: Qualitative Analysis by Spot Tests. 
“ppemamm Publ. Co., Inc., New York, 1939, 
Dp. : 


CHLORDANE 


Characteristics 


Chlordane, chlordan, CoH ¢Clsg, is a highly 
chlorinated cyclic hydrocarbon produced by 
reacting sodium hypochlorite with cyclopen- 
tadiene to form hexachlorocyclopentadiene, 
which in turn is reacted with cyclopenta- 
diene forming hexachlorodicyclopentadiene. 
This is then chlorinated to about 68 per cent 
of chlorine and has the empirical formula 
CioH¢Cls. When purified it is a pale yellow 
liquid with a low vapor pressure. However 
the commercial product is a dark brown vis- 
cous liquid with a boiling point of 175° C. 
at 2 millimeters and a density of Des 1.61. 
Its index of refraction is approximately 
n 25/p 1.56. It is completely soluble in most 
aliphatic and aromatic solvents but is in- 
soluble in water. It decomposes in the pres- 
ence of alkali, especially when catalysed by 
traces of iron. The commercial product con- 
tains a-CioHeClg (melting point 106.5 to 
108° C.), B-CioHeCls (melting point 104.5 
to 106°C.) and a large number of other 
chlorinated compounds, some of which are 
insecticidally inert. 


Uses 


Chlordane is an insecticide used as a stom- 
ach poison, a contact poison, or as a fumi- 
gant. 


Toxicity 

Stohlman, Thorp, and Smith (1) stated 
that the acute toxicity of chlordane is some- 
what less than that of DDT when fed to 
rats. The approximate LDso was 250 milli- 
grams per kilogram. These investigators 
found degenerative changes in the intestinal 
submucosa and convoluted tubules of the 
kidneys as well as focal necrosis of the liver 
and congestion and edema of the lungs in 
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chronic poisoning. Later investigators have 
indicated a somewhat greater LDso value for 
chlordane. 

Chlordane acts primarily on the central 
hervous system with symptoms of hyperex- 
citability, tremors, lack of muscular coor- 
dination, and finally convulsions (2). The 
significant chronic toxic effects of chlordane 
with rats reported by Ingle (3) consist of 
retardation of growth rate, enlargement of 
the liver and kidneys, liver injury, myo- 
cardial damage and splenic alterations. Sev- 
eral cases of human poisoning from contact 
by inhalation (4), or ingestion (5, 6) have 
been described. One of the two fatal cases 
which were reported by Derbes and his asso- 
ciates (7) significantly indicates the rapid- 
ity of skin absorption of chlordane. In an 
accident in which a suspension of chlordane 
was spilled on her dress, a woman became 
confused, started having convulsions, and 
died within a few minutes following the acci- 
dent. In a report on the present status of 
chlordane the American Medical Associa- 
tion (8) lists 15 cases of chlordane poisoning, 
of which four were fatal. 

In contrast with the serious cases of poi- 
soning Princi and Spurbeck (9) found that 
workers maintained good health in a factory 
manufacturing chlordane, aldrin, and di- 
eldrin where the atmospheric concentration 
of the chlorinated hydrocarbons amounted 
to more than 5 milligrams per cubic meter. 
Similar findings were experienced by Alvarez 
and Hyman (10) in a plant where 24 men 
were exposed to chlordane over periods of 
from 2 months to 5 years with no evidence of 
occupational disease attributable to this 
substance. Ingle states that chlordane is not 
as toxic to warm-blooded animals as for- 
merly because the content of the very toxic 
unreacted intermediate, hexachloropenta- 
diene, is now present in less than 1 per cent 
in technical chlordane (11). 
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CHLORINATED DIPHENYL AND 
THE CHLORONAPHTHALENES 


Characteristics 


Chlorinated diphenyl is prepared by the 
direct replacement of one or more of the hy- 
drogen atoms of diphenyl, CgHs-CeHs, by 
chlorine. Chlorination may proceed until all 
the hydrogen atoms have been replaced. The 
greater the amount of chlorine introduced, 
the- higher the melting point, and the more 
the substance becomes resinous or waxy in 
nature. The chlorinated naphthalenes vary 
in physical state from a thinly fluid, mobile 
liquid to a crystalline or amorphous wax, 
and vary in properties according to the de- 
gree of chlorination. The above chlorinated 
waxes are free from moisture, do not absorb 
water, are neutral and noncorrosive to met- 
als, do not support combustion, are high in 
dielectric strength, and have an extraordi- 
nary specific inductive capacity. They are 
marketed under such trade names as 
“Arochlor”, “Halowax”, and “Seekay”. The 
melting points of the chlorinated naphtha- 
lenes vary from 87° to 130°, and the boiling 
points from 288° to 371°C. The specific 
gravity ranges from 1.4 to 1.7. They are 
soluble in many organic solvents and oils, 
especially when heated together. 
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Industrial Uses 


These substances have wide application in 
industry, chiefly owing to their special in- 
sulating and water-resistant properties, their 
chemical stability, and their flame resist- 
ance. They are especially used in condensers 
and in the insulation of wires and cables 
used in war ships. To a certain extent they 
are used as solvents for rubber or aniline, as 
well as for varnish, gums, and resins when 
mixed in the molten state. 


Toxicity 


Poisoning by the chlorinated naphtha- 
lenes may take the form of acne, particu- 
larly of the face, or of toxic jaundice pro- 
duced by necrosis of the liver. As early as 
1918, an acne-form eruption of the skin 
noted among workers handling chloronaph- 
thalene was ascribed to this substance. Jones 
has pointed out that in the absence of clean- 
liness, chloronaphthalene irritated the se- 
baceous glands causing an excess of cell 
growth and secretion followed by plugging 
of the gland and possible secondary infec- 
tion (1). Schwartz in 1936, discussed derma- 
titis of workers in the chloronaphthalene and 
chlorodipheny] industry. He reported a fur- 
ther outbreak of “Halowax acne” or “cable 
rash” among electricians installing heat and 
flameproof cables on ships in 1943 (2, 3). 

Systemic poisoning from these chlorinated 
substances usually follows the inhalation of 
fume rather than from the handling of the 
dry hydrocarbon waxes. Damage is severe 
and occasionally fatal. Acute yellow atrophy 
of the liver is generally associated with seri- 
ous exposure to the chlorinated naphthalenes 
and diphenyl fumes. Three fatalities were 
reported in 1936-1937 (4, 5). In 1939, three 
additional cases were reported by Green- 
burg, Mayers, and Smith (6) and a further 
case by Collier in 1943 (7). While acne may 
be taken as a warning sign in workers hand- 
ling this material it is not invariably pres- 
ent and systemic poisoning may occur in the 
absence of this sign. Hunter recommends 
the medical supervision of all such workers 
with special care regarding the hygienic con- 
ditions of employment and with adequate 
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ventilation (8). Precautionary measures 
were suggested for workers handling chlo- 
rinated naphthalenes and diphenyl com- 
pounds in 1943 by Greenburg (9). Nomura 
(10) found that the toxicity of chlorinated 
naphthalene increased with a higher degree 
of chlorination, with which however there 
is a decrease in solubility and volatility. 
Meigs, et al. (11) noted seven cases of mild 
to moderate chloracne among 14 chemical 
workers exposed intermittently to small con- 
centrations of the vapor of Arochlor (chlo- 
rinated diphenyl). This substance absorbed 
through the skin of rabbits causes fatty de- 
generation of the liver (Paribok, 12). 


Analysis 


The fume content of the air following the 
heating of chlorinated diphenyl] or chlorin- 
ated naphthalenes may be determined by the 
catalytic decomposition of this material fol- 
lowed by suitable determination of the inor- 
ganic chloride formed. In such cases, how- 
ever, the chlorine content and hence the 
composition of the chloro derivative in use 
must be known since one or more of a whole 
series of chloro compounds of varying chlo- 
rine content may be present. In the presence 
of more than one chloro derivative, this 
method can only be taken as a rough index 
of the amount of contaminant present. 
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THE CHLORINATED MONO- 
NITROPARAFFINS 


Characteristics 


The four chloronitroparaffins which are of 
some industrial importance are listed to- 
gether with their physical properties in 
Table 4. 


Industrial Uses 


The four chloronitroparaffins listed above 
are more active as solvents than the straight 
nitroparaffins. 1-Chloro-1-nitropropane will 
dissolve many synthetic rubbers, including 
Buna N, Chemigum, Hycar O. R., and some 
grades of Neoprene. The chloronitroparaffins 
are also used in the synthesis of other chemi- 
cals, such as chloronitroalcohols. 1,1-Di- 
chloro-1-nitroethane, under the trade name 
of Ethide, is a fumigant said to have good 
penetration properties and is used in the 
fumigation of stored grains, flour, and to- 
bacco. A distinct warning odor and high 
flash point, in addition to its insecticidal 
properties, make it especially valuable for 
this purpose. The addition of 1-chlord-1-ni- 
tropropane to rubber cements confers useful 
anti-gelling properties (1). 


Toxicity 
The symptoms produced in animals by 
the administration of 1-chloro-1-nitroethane 


and 2-chloro-2-nitropropane by stomach 
tube were found by Machle and his associ- 
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ates (2,3) to be similar to those produced by 
the simple nitroparaffins, 2.e., progressive 
weakness and collapse, unsteadiness, incoor- 
dination, and changes in respiration—with 
the exception that incoordination was 
slightly less evident than with the nitropara- 
fins. Weakness and depression were the out- 
standing signs. The lethal dose for rabbits 
of 1-chloro-1-nitroethane administered 
orally lies between 0.10 and 0.15 gram per 
kilogram and that for 2-chloro-2-nitropro- 
pane is between 0.50 and 0.75 gram per kilo- 
gram. Skin application did not result in any 
systemic effect, weight loss, or skin irrita- 
tion. In a further investigation of the chlo- 
rinated mononitroparaffins, Machle and his 
associates (2) found the lethal oral dose of 
1,1-dichloro-1-nitroethane for rabbits to be 
between 0.15 and 0.20 gram per kilogram. 
The lethal oral dose of 1-chloro-1-nitro-pro- 
pane for rabbits was found to be between 
0.05 and 0.10 gram per kilogram. 1,1-Di- 
chloro-1-nitroethane was found to be a skin 
irritant but 1-chloro-1-nitropropane has no 
such effect. Both compounds are lung irri- 
tants, however, and in high concentrations 
they rapidly produce pulmonary edema. Ex- 
posure to the vapor of 1, 1-dichloro-1-nitro- 
ethane in concentrations in excess of 0.3 
milligram per liter for longer than 1 hour is 
dangerous to rabbits. However, the vapor of 
1-chloro-1-nitropropane was found to be 
considerably less toxic. Apart from the in- 
jury of the lungs produced by the inhalation 
of these substances, the liver, heart, kidneys, 


and vascular system are all involved in acute 
toxic damage. 


Analysis 


1-Chloro-1-nitropropane reacts with 
phenylhydrazine in concentrated sulfuric 
acid to produce a deeply colored red 
substance, which may be measured photo- 
metrically (2). The color developed by the 
oxidation of resorcinol by 1,1-dichloro-1- 
nitroethane in methy] alcohol may similarly 
be made the basis for the determination of 
this substance (2). 
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CHLOROACETONE 
Characteristics 
Chloroacetone, monochloroacetone, 1- 


chloro-2-propanone, acetonyl chloride, 
CH;—CO—CH.Cl, is a colorless liquid boil- 
ing at 119° C. and having a density of p 25/4 
1.123 and a melting point of —44.5° C. It 
has a penetrating, very pungent odor resem- 
bling hydrochloric acid. Monochloroacetone 
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is only slightly soluble in water and tends to 
polymerize to a dark and relatively inert 
resinous form in contact with it. It is soluble 
in alcohol, in ether, and in chloroform. It is 
prepared by conducting chlorine gas into 
cold acetone in the presence of calcium car- 
bonate, or by the action of calcium hypo- 
chlorite on acetone. It is also prepared by 
the electrolysis of acetone and hydrochloric 
acid. 
Toxicity 

Monochloroacetone is a_ lachrimatory 
substance and was introduced by the French 
as a war gas in World War I but was soon 
replaced by monobromoacetone and other 
more powerful lachrimators. As a war gas it 
had the advantage that it is nearly four 
times as heavy as air and that it causes se- 
vere conjunctivitis in concentrations as low 
as 5 parts per million of air. A concentration 
of 26 parts per million is intolerable after 1 
minute of exposure and a concentration of 
607 parts per million is lethal efter 10 min- 
utes of exposure. The main irritation from 
this substance is limited to the upper respir- 
atory tract. Monochloroacetone will blister 
the skin on contact and adequate precau- 
tions should therefore be taken in handling 
this substance. While the use of this com- 
pound is limited in industry, and even 
though its powerful lachrimatory character 
serves as a warning agent, its possible lethal 
action should be considered in those cases 
where it is to be stored or handled in quan- 
tity. 


CHLOROBENZENE 
Characteristics 
Chlorobenzene, benzene monochloride, 


monochlorobenzene, CegH;Cl, is a clear, col- 
orless, mobile, somewhat volatile liquid with 
a not unpleasant almond-like odor. It boils 
at 131 to 132° C., melts at —45° C., has a 
specific gravity of p 20/4 1.107, and index 
of refraction of n 20/p 1.5248, and a flash 
point of 28° C. It is insoluble in water but 
dissolves freely in alcohol, chloroform, ben- 
zene, and ether. Monochlorobenzene is pro- 
duced by the direct chlorination of benzene 
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to which a small aluminum-mercury couple 
is added as a carrier, with subsequent neu- 
tralization of the hydrochloric acid by means 
of caustic soda. Molybdenum chloride is 
also used as a catalytic agent for the chlo- 
rination of benzene. 


Industrial Uses 


Relatively large amounts of monochloro- 
benzene are produced industrially. In 1953, 
production in the United States amounted to 
377,184,000 pounds. Monochlorobenzene is 
used in solvent mixtures and as a method of 
producing crackle or matt effects in lacquers, 
as a solvent for ethyl cellulose and resins, 
oils and fats, and for the commercial synthe- 
sis of phenol, aniline, picric acid, and other 
intermediates used in the production of dye- 
stuffs, drugs, and perfumes. It is a basic ma- 
terial in the manufacture of DDT. 
Toxicity 

While Flury and Zernik (1) concluded 
from the early experimnetal work by Gotz- 
mann on cats, together with certain later 
reports, that monochlorobenzene was some- 
what more toxic than benzene itself, Hunter 
(2) states that monochlorobenzene is less 
toxic than benzene and has caused no trouble 
in industry. Acute symptoms due to acci- 
dental swallowing of a small amount of mon- 
ochlorobenzene by a child were described by 
Reich in 1934 (3). The symptoms disclosed 
in this case indicate that monochloroben- 
zene is a central nervous poison. Uncon- 
sciousness lasting for 3 hours, cyanosis, loss 
of reflexes, and twitching of the facial mus- 
cles were followed by gradual recovery. 
Cases where the inhalation of chlorobenzene 
vapors produced injury appear to be com- 
plicated by the fact that other chloro deriva- 
tives, such as o- and p-dichlorobenzol, were 
present. Chlorobenzene is excreted un- 
changed through the lungs of rabbits to the 
extent of 25 to 30 per cent following the ad- 
ministration of doses amounting to 0.5 gram 
per kilogram of body weight, according to 
Azouz and his associates (5). 


Analysis 


Monochlorobenzene may be_ detected 
when present in sufficient amount by one of 
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its identifying derivatives. On warming to 
80 to 90° C. with nitric acid in concentrated 
sulfuric acid, it yields the 2, 4-dinitro-deriv- 
ative having a melting point of 52° C. On 
adding to a large excess of chlorosulfonic 
acid in the cold, monochlorobenzene yields 
the p-sulfochloride (melting point 53° C.) 
which with ammonium hydroxide yields the 
sulfonamide (melting point 143° C.). Mono- 
chlorobenzene may be detected as an aerial 
contaminant in the absence of other halo- 
genated compounds by means of a flame de- 
tector. Smyth (4) has checked the thermal 
decomposition method for the determination 
of the vapor of monochlorobenzene in air 
and found that this method is satisfactory 
over a range of from 12 to 18,500 parts per 
million. A spectrophotometric method for 
determining chlorobenzene in expired air has 
recently been described (5). 
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2-CHLORO-1,3-BUTADIENE 
Characteristics 


2-Chloro-1 ,3-butadiene, chloroprene, 
CH.—CH—CCl—CHp, is a clear, colorless 
liquid possessing an odor somewhat similar 
to ethyl chloride and having the following 
properties: density p 20/4 of 0.9583, re- 
fractive index n 20/p of 1.4583, and boiling 
point of 59.4° C. It may be synthesized 
from acetylene which is commercially pre- 
pared by passing vinyl acetylene in gaseous 
form through a solution of cuprous chloride 
with ammonium chloride in concentrated 
hydrochloric acid at a temperature of 30° 
C. The chlorobutadiene is distilled and puri- 
fied by redistillation following the addition 
of a small amount of pyrogallol. Liquid 
chloroprene polymerizes spontaneously with 


no other catalyst than a small amount of air 
to a tough and dense jelly-like substance. 
An artificial latex may be produced from 
chloroprene emulsified in water with a small 
percentage of sodium oleate. The droplets 
soon polymerize yielding a colloidally dis- 
persed neoprene, which may be stabilized by 
adding sulfonated abietene. 


Industrial Uses 


Although its chief commercial importance 
lies in its ability to polymerize to a rubber- 
like substance variously called Neoprene or 
Duprene, chloroprene yields several other 
different types of polymers. The vulcani- 
zates of this synthetic rubber are very re- 
sistant to heat, oils, sunlight, and ozone, and 
therefore not only serve as a substitute for 
natural rubber but have superior properties 
for certain purposes. This durability under 
conditions which cause natural rubber to 
deteriorate rapidly makes neoprene espe- 
cially suitable for use in diaphragms, gas- 
kets, and washers where these materials may 
come into contact with oil. 


Toxicity 


According to Henderson and Haggard 
(1), the vapor of chloroprene is irritating 
but this does not entirely obscure its anes- 
thetic action. The mechanism of its action 
has been studied by von Oettingen and his 
associates (2), who found that chloroprene 
causes depression of the central nervous 
system and severe irreparable damage of 
most vital organs which, even with small 
doses, may be severe enough to cause death. 
Inhalation of the vapor causes primary ir- 
ritation of the respiratory tract, followed by 
progressive depression of the respiration and 
asphyxia. A concentration of 1 milligram 
per liter is considered dangerous and con- 
tinued exposure to a concentration of 0.3 
milligram per liter or even less may cause 
toxic effects. These investigators found that 
chloroprene may be absorbed through the 
skin to such an extent that acute and chronic 
effects may follow such exposure. The early 
detection of incipient poisoning is based on 
determination of the icteric index of the 
blood at intervals and testing of the urine 
for albumen, reducing substances, and bile 


mete ies. 
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pigments, as well as frequent determination 
of the blood pressure. Low blood pressure 
may indicate possible incipient poisoning. 
Investigation of the toxicity of crude Du- 
prene has shown that this polymerization 
product is practically void of toxic prop- 
erties and that contact with Duprene rubber 
sheeting is not likely to cause irritation of 
the skin (3). Schwartz (4), investigating 
the skin hazards in the manufacture of syn- 
thetic rubber, found comparatively little 
dermatitis in 20 plants inspected. Neoprene 
latex, however, as used in patch tests pro- 
duced some positive skin reactions. Loss of 
hair has been noticed among employees en- 
gaged in making one of the synthetic rub- 
bers. Ritter and Carter (5) determined that 
hair loss is not caused from industrial ex- 
posure to either the monomeric form of 
chlorobutadiene or its commercial polymer, 
neoprene, but results exclusively from work 
in areas where chlorobutadiene is being 
polymerized. This hair loss may be con- 
trolled or even eliminated by frequent and 
complete changes of air in the polymeriza- 
tion areas. 


Analysis 


Determination of the concentration of 
chloroprene as an atmospheric contaminant 
may be made by any one of the various 
methods used for halogenated hydrocarbons. 
Alekseéva and Andronov (6), as well as 
Senderikhina (7), have discussed in detail 
specific methods for the determination of 
chloroprene vapor in air. Hanson (8) has 
applied the ultraviolet photometer to the 
quantitative measurement of small traces 
of chloroprene in air. The sensitivity of this 
photometric method was found to be 0.5 part 
per million for 1 scale division of the in- 
strument. 
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CHLOROFORM 


Characteristics 


Chloroform, trichloromethane, CHCls, 
melting point —63.5° C., boiling point 61.3° 
C., density p 15/4 1.49845, index of refrac- 
tion n 20/ p 1.4476, is a colorless, clear, 
highly refractive, heavy, very volatile, 
sweet-tasting liquid with a characteristic 
odor. The liquid is not inflammable but the 
vapor is capable of burning. The vapor pres- 
sure at 20° C. is 160 millimeters of mercury. 
Its solubility in water is approximately 5 
milliliters per liter at 25° C. It is miscible 
with alcohol, benzene, ether, petroleum 
ether, carbon tetrachloride, carbon disulfide, 
and oils. On exposure to air and sunlight, 
chloroform is slowly oxidized to the highly 
toxic substance, phosgene. Commercial 
preparations are stored in brown bottles and 
contain 0.6 to 1 per cent of alcohol to de- 
stroy traces of phosgene formed in storage. 
Chloroform is made industrially by the 
haloform reaction, which consists in the 
treatment of acetone or ethanol with either 
bleaching powder or a solution of sodium 
hypochlorite, or by the reduction of carbon 
tetrachloride with iron in the presence of 
moisture. The latter is the more important 
process and is now the principal source of 
chloroform. On warming with aniline and 
potassium hydroxide, chloroform yields 
phenylisocyanide which has a foul and 
characteristic odor. When chloroform is 
warmed with resorcinol in dilute sodium 
hydroxide, a red color is obtained. It also 
gives a deep red color when warmed with 
a sodium hydroxide solution and pyridine. 
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Industrial Uses 


Chloroform is a general inhalation anes- 
thetic which was formerly widely used. 
Medicinally, it is also employed as an ano- 
dyne, antispasmodic, and analgesic. Com- 
mercially, it serves as a solvent for fats, oils, 
iodine, alkaloids, waxes, gutta-percha, and 
resins, but its uses as a solvent are only of 
minor importance. However, it is used as 
a lacquer solvent, in the artificial silk and 
plastics industries, as a constituent of floor 
polishes, and, to some extent, as a cleaning 
fluid. During 1954, production of chloroform 
in the United States amounted to 32,087,000 
pounds. 

Toxicity 

The introduction of chlorine atoms in 
place of the hydrogen in methane produces 
substances with marked narcotic properties. 
Chloroform itself is a powerful anesthetic 
but has secondary toxic effects which are ex- 
ercised primarily on the liver. The prolonged 
administration of chloroform as an anes- 
thetic may lead to such serious effects as 
profound toxemia and damage to the liver, 
heart, and kidneys. Davis and Whipple (1) 
found that prolonged but light chloroform 
anesthesia in dogs produced a typical hepa- 
titis. Inhalation of concentrated chloroform 
vapor results in irritation of the mucous 
surfaces exposed to it. Ordinary narcosis 
is usually preceded by a stage of excitation, 
which is followed by loss of reflexes, sen- 
sation, and by unconsciousness. The after 
effects consist of gastrointestinal disturb- 
ances, pain in the liver region, jaundice, and, 
following severe and continued exposure, 
acute yellow atrophy of the liver. A form of 
chronic chloroform addiction exists due to 
the misuse of chloroform but no chronic ef- 
fects of this type have been found to exist 
in industry. Miller and Whipple (2) found 
that dogs which had been depleted of plasma 
proteins were abnormally susceptible to 
chloroform poisoning and that the adminis- 
tration of methionine protected them even 
when given up to 4 hours after chloroform 
administration. Some liver damage followed 
the administration of the chloroform, but 
instead of the condition progressing to a 
fatal issue the icteric index began to fall 
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after 72 hours and the animals recovered. 
The authors suggest that protein depletion 
removes more sulfur than nitrogen from the 
liver and that this deficiency of sulfur is 
the cause of the chlorform susceptibility. 
There is no evidence that methionine will 
protect a normal liver against chloroform 
(3). Experiments on rats given sublethal 
doses of chloroform have indicated that 
2,3-dimercaptopropanol (BAL) adminis- 
tered orally has no protective or antitoxic 
action against chloroform vapor (4). It is 
of interest that chloroform has been found 
as a metabolism product of inhaled trichlo- 
roethylene by Soucek and Vlachova (5). A 
new method for the determination of chloro- 
form in the presence trichloroethylene, 
based on Fujiwara’s reaction, has been pro- 
posed by these authors. According to Hen- 
derson and Haggard (6), 4,000 parts per 
million causes slight symptoms after 8 hours 
of exposure and these investigators recom- 
mend allowable concentration of from 40 to 
100 parts per million. 


Analysis 


Chloroform may be detected after suit- 
able trapping from air samples by applica- 
tion of one of the reactions described under 
“characteristics” above. Gravimetric and 
volumetric methods depend on the hydrol- 
ysis of the chloroform and quantitative 
precipitation of the resulting chloride ion by 
addition of a suitable soluble silver salt. 
Chloroform reacts with a or B napthol in 
alkaline solution to give an intense blue 
color. Although the a compound is more 
sensitive, the 8 compound gives better colors 
and is less subject to interference. The 
presence of 1 to 3 milligrams of chloroform 
may be detected by this procedure. Hab- 
good and Powell (7) have devised a method 
for the measurement of chloroform, carbon 
tetrachloride, and trichloroethylene in blood. 
Quantities of these substances varying be- 
tween 2 and 0.02 milligram can be recovered 
from the blood with an accuracy within +5 
per cent. 
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THE CHLORONITROBENZES 


Characteristics 


The chloronitrobenzenes, ClICgH,NOnz, ex- 
ist in three isomeric forms. These substances 
are crystalline in form and yellow in ap- 
pearance. The properties of the various 
chloronitrobenzenes which are of commer- 
cial importance are summarized in Table 5. 

The chloronitrobenzes are prepared either 
by chlorinating nitrobenzene in the pres- 
ence of iodine or by nitrating chloro- 
benzene. 1-Chloro-2 ,4-dinitrobenzene, 
CgH3-Cl. (NOzg)2, is prepared by nitrating 
chlorobenzene first to o- and p-chloronitro- 
benzenes, both of which yield the 2,4- 
dinitro compound upon further nitration. 


Industrial Uses 


The chloronitrobenzenes are used for or- 
ganic syntheses and are chiefly of interest 
in the explosives industry. A liquid mixture 
of a large amount of the o compound with 
a smaller amount of the p derivative is des- 
ignated as Tropfoel in this industry. In 
chlorodinitrobenze, the chlorine is active and 
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this substance readily yields dinitrophenol 
by hydrolysis and dinitroaniline by reaction 
with ammonia. This substance may be ni- 
trated to an explosive by replacement of the 
chlorine group and therefore has a definite 
advantage over picryl chloride (1). It is 
extensively used in the dyestuff industry. 
The production of 1-chloro-2,4-dinitro- 
benzene rose to a maximum of 37,215,000 
pounds in 1943 and declined to 14,123,000 
pounds in 1945 in the United States. 
Toxicity 

Exposure to the chloronitrobenzenes in in- 
dustry is chiefly related to the dust of these 
substances (2). The chloronitrobenzenes 
have an aromatic odor and a toxic action 
similar to that of the parent substance. They 
are more poisonous, however, than nitro- 
benzene and the dust of chlorodinitro- 
benzenes is potentially more toxic than that 
of the chloronitrobenzenes. The p-chloro- 
nitrobenzene is somewhat less toxic than the 
o compound. The inhalation of the vapor of 
the o-chloronitro compound in concentra- 
tions of from 8 to 30 parts per million was 
fatal to cats following a total exposure of 
17.5 hours. On the other hand, the inhala- 
tion of 31 parts per million of the p com- 
pound for the same length of time by cats 
indicated only some sleepiness and slight in- 
disposition (3). Renshaw and Ashcroft (4) 
report four cases of poisoning in man fol- 
lowing exposure to mononitrochlorobenzene 
vapor in a chemical plant engaged in the 
manufacture of o- and p-chloronitrobenzene. 
These investigators concluded that mono- 
nitrochlorobenzene is a blood poison and 
that its effect is cumulative. The toxic ef- 
fects appeared in all cases after leaving 
work and were characterized by cyanosis 
and collapse. Dyspnea on exertion appeared 





TABLE 5 
. oie Dena Solubility 
eon Point “| point "C.| ‘p20/t 
Water Alcohol 

o-Chloronitrobenzene 32.5 245 1.368 | Insoluble Soluble 
m-Chloronitrobenzene 44.0 235 1.534 | Insoluble | Soluble in hot alchool 
p-Chloronitrobenzene 83.5 242 1.520 | Insoluble | Soluble in hot alcohol 
1-Chloro-2,4-dinitrobenzene 52.54 315 1.697 | Insoluble Soluble 


rr ew 


196 INDUSTRIAL TOXICOLOGY 


later and recovery occurred only after some 
weeks. The authors concluded that a stable 
compound was formed with hemoglobin 
giving rise to a peculiar cyanotic condition 
and collapse from oxygen deficiency. In six 
cases of industrial poisoning with chloro- 
nitrobenzene Spaun (5) reported malaise 
and cyanosis present in all cases with mild 
to severe anemia. Werner and Wetzel (6) 
report five cases with lowered red cell counts 
but no liver damage. While p-chloronitro- 
benzene caused methemoglobinemia and 
hemolytic anemia in cats chronically ex- 
posed to about 3 parts per million, Watrous 
and Schulz (7) state that it does not affect 
workers exposed intermittently to levels 
averaging 14 parts per million. The dust of 
1-chloro-2 ,4-dinitrobenzene is a severe ir- 
ritant to the mucous membranes. No maxi- 
mum allowable concentration value for the 
chloronitrobenzenes has been established. 


Analysis 


The three chloronitrobenzenes may be 
distinguished and identified by the forma- 
tion of characteristic derivatives. On treat- 
ment with zine dust and dilute acetic acid, 
the 0, m, and p compounds yield, respec- 
tively, o-chloroaniline (boiling point 207° 
C.), m-chloroaniline, boiling point 230° C.), 
and p-chloroaniline (melting point 70° C.). 
On boiling with potassium hydroxide in 
methyl] alcohol, they yield, respectively, o- 
nitroanisole (melting point 9 °C.; boiling 
point 265° C.), 3:3’-dichloroazoxybenzene 
melting point 97° C.), p-nitroanisole (melt- 
ing point 54° C.), and some 4:4’-dichloro- 
azoxybenzene (melting point 155° C.). 1- 
Chloro-2-,4-dinitrobenzene is a useful 
reagent for primary and secondary amines 
and for mercaptans and advantage can be 
taken of this for identification or determina- 
tion of the dinitro derivatives. 
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CHLOROPICRIN 
Characteristics 


Chloropicrin, trichloronitromethane, ni- 
trochloroform, CClzsNO2, is a colorless, 
slightly oily liquid possessing a very intense 
and penetrating odor and having a pro- 
nounced lacrimatory action. It boils at 112° 
C., has a density p 20/4 of 1.6517, melts at 
—69° C., and has a refractive index of n 23/p 
1.46075. It dissolves in water to the extent 
of only 0.25 per cent, but is freely soluble 
in alcohol and ether. On boiling with dilute 
potassium hydroxide, chloropicrin yields 
potassium nitrite and potassium chloride. 
On warming a drop of chloropicrin with 
thymol in alcoholic potash, a yellow color 
is obtained, while resorcinol in place of thy- 
mol yields a red color. Chloropicrin, when 
treated with iron and acetic acid, yields 
methylamine. According to Gould and his 
associates (1), the vapor pressure of chloro- 
picrin at 25.5° C. is 24 millimeters of mer- 
cury, while at 55.0° C., it is 100 millimeters 
of mercury. 


Industrial Uses 


Apart from its use as a potential war gas, 
chloropicrin is used for the synthetic prepa- 
ration of a number of organic substances 
and particularly for the manufacture of the 
dyestuff known as methy] violet. Chloropic- 
rin has also been used in the form of water 
emulsions with soap as sprays to control 
insects. It is slower in action than hydro- 
cyanic acid and unfortunately is relatively 
toxic to living plants and seeds. Although it 
evaporates fairly rapidly at ordinary tem- 
peratures and its vapor pressure is relatively 
great (18.3 millimeters of mercury at 20° 
C.), it evaporates from oi] somewhat 
slowly. In the open, its volatility at 20° C. 
is 165 milligrams per liter at equilibrium. 
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The decomposition of trichloronitromethane 
(CClsNO2 + O + 2H20 —> 3HCl + CO. + 
HNOs) is aided by certain substances, such 
as arable soil, milk, and cereals. In 1 kilo- 
gram of garden soil, 0.5 gram of trichloro- 
nitromethane disappears in 6 days and with 
the addition of 20 per cent water, it disap- 
pears in 2 days (2). The present practice 
consists in injecting small measured por- 
tions of chloropicrin into the soil with proper 
spacing at a depth of about 6 inches some 
time prior to the planting of seed crops. It 
is also used for sterilizing seed beds. 
Toxicity 

Chloropicrin is a pronounced irritant to 
all body surfaces. In addition to skin irri- 
tation, it causes lacrimation, vomiting, 
bronchitis, and pulmonary edema. In a con- 
centration of 1 part to 1 million parts of 
air, it causes a smarting pain in the eyes 
and therefore, in itself, constitutes a warn- 
ing of exposure. The vomiting tendency is 
probably due to swallowing saliva in which 
small amounts of chloropicrin have dis- 
solved. Because of this property, chloro- 
picrin was called “vomiting gas” and was 
extensively used in World War I. The vom- 
iting tendency caused soldiers to remove 
their gas masks and they therefore became 
exposed to the more noxious gases which 
accompanied chloropicrin. Apart from this 
desired property of chloropicrin as a war 
gas, it is, in itself, a lethal substance acting 
primarily to produce lung injury. Owing to 
its chemical inertness, chloropicrin does not 
react with the usual chemicals used in gas 
masks to protect against war gases and is 
removed only by charcoal. It was therefore 
one of the most difficult of the war gases to 
protect against. The after-effects of expo- 
sure by inhalation to chloropicrin may be 
serious. These may consist of anemia, weak 
and irregular heart, and recurrent asthmatic 
attacks. A concentration of 4 parts per mil- 
lion was sufficient to render a man unfit for 
action, according to Flury and Zernik (3) 
and 20 parts per million when breathed for 
more than 1 or 2 minutes causes definite 
bronchial or pulmonary lesions (4). In ad- 
dition, chloropicrin reacts with all the SH- 
groups of the globin of reduced hemoglobin 


197 


and also with the oxygen-carrying group, 
rendering it incapable of carrying oxygen 
(5). With the more recent extensive use of 
chloropicrin as a soil fumigant and disin- 
festant, as well as for fungicidal and bac- 
tericidal purposes, attention should be di- 
rected towards its physiological and possible 
lethal effect on man. In this connection it is 
of interest that Moureu and his associates 
(6) found an instance of photochemical 
transformation of chloropicrin into phos- 
gene in the case of a dwelling which had 
undergone disinfection with chloropicrin to 
free the house from lice. No threshold limit 
has been established for chloropicrin. 


Analysis 


Chloropicrin reacts with dimethylaniline 
to give a yellow-red color. Test papers 
soaked in this reagent were used as detec- 
tors for this substance as a war gas. A va- 
riety of other substances, such as chlorine, 
bromine, and nitrous gases, also react some- 
what similarly with dimethylaniline and 
must be absent. Quantitatively, chloropic- 
rin may be determined by passing it into a 
solution of sodium sulfite, which converts 
it to the sodium salt of formyl] trisulfonic 
acid and sodium chloride. The inorganic 
chloride may be determined by the usual 
Volhard titration. Danner and Goldenson 
(7), using a specially prepared charcoal, ad- 
sorb chloropicrin effectively by means of a 
sampling apparatus through which the con- 
taminated air is drawn. The analysis of the 
sample is made by combustion in an electric 
furnace and the chlorine of the decomposed 
vapor is absorbed by a sodium sulfite solu- 
tion and determined as above. Moureu et 
al. (8) have developed test papers to indi- 
cate both chloropicrin and _ phosgene, 
whether the gases are present singly or to- 
gether. Chloropicrin test papers are impreg- 
nated with a solution of pyridine-metha- 
nolic phloroglucinol and sodium cyanide. In 
the presence of less than 50 milligrams per 
cu. meter a rose tint develops. Phosgene 
papers are impregnated with an alcoholic 
solution of p-dimethylaminobenzaldehyde 
and dimethylaniline and will detect 10 mil- 
ligrams per cubic meter of phosgene in the 
air in 1 minute. 
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CRESOLS—CRESYLIC ACID 
Characteristics 


Cresol, cresylol, tricresol, cresylic acid, 
hydroxytoluene, CsH,CH;OH, is a mixture 
of the three isomers—o-, m-, and p-cresol. 
It has a specific gravity of 1.032 to 1.038 at 
25° C. and distills between 190° and 205° 
C. It is a colorless, yellowish, brownish, or 
pinkish liquid, having a phenolic odor and 
darkening on exposure to light. Its solubility 
in water is about 2 per cent and it is mis- 
cible with alcohol, benzene, ether, and glyc- 
erol. It is also soluble in solutions of the 
alkali hydroxides. The cresols and cresylic 
acid are derived from coal tar for the greater 
part. They are also obtained to some extent 
from petroleum. Cresylic acid is the redis- 
tilled higher boiling portion of the crude 
phenolic liquor. The principal characteris- 
tics of the constituent cresols are as follows: 

o-Cresol, o-cresylic acid, o-oxy-toluene, 
o-methyl phenol, consists of colorless crys- 
tals darkening with age and exposure to air 
and light. Its density p 20/4 is 1.047. It 
melts at 30° C., boils at-191 to 192° C., and 
has a flash point of 81 to 83° C. Its index of 
refraction n 20/p is 1.553. It is soluble in 
about forty volumes of water. In common 


with the other cresols, o-cresol is obtainable 
from coal tar. o-Cresol is volatile with steam 
and is not dissolved by 5 parts of ammonium 
hydroxide which differentiates it from 
phenol. It gives a violet-blue coloration 
with ferric chloride changing later to a tur- 
bid brown. With bromine water, it yields 
4,6-dibromo-2-methyl phenol (melting 
point 56 to 57° C.). In alcohol with a strong 
solution of picric acid in 50 per cent alcohol, 
it yields orange or yellow needles of the pic- 
rate (melting point 88° C.). This differen- 
tiates o-cresol from p-cresol. The latter is 
unstable under these conditions and does 
not form a precipitate. 

m-Cresol, m-cresylic acid, m-oxy-toluene, 
m-methyl phenol, is a colorless to yellow 
liquid having a boiling point of 202.7° C., 
a melting point of 11.95° C., density p 20/4 
of 1.03401, and an index of refraction of n 
15/pD 1.54318. It is soluble in alcohol, ether, 
and chloroform and dissolves in about 40 
volumes of water. It is not soluble in 5 parts 
ammonium hydroxide which differentiates 
it from phenol. It gives a blue-violet color 
with ferric salts which is fairly permanent. 
When treated with bromine water, m-cresol 
yields 2,4,6-tribromo-3-methyl phenol 
which, when crystallized from alcohol, has 
a melting point of 84° C. 

p-Cresol, p-cresylic acid, p-oxy-toluene, 
p-methyl phenol, is a white crystalline mass 
similar to phenol in odor, obtained as in the 
case of the other cresols by the fractional 
distillation of crude cresol or by fusing p- 
toluene-sulfonic acid with potassium hy- 
droxide. It melts at 36° C. and boils at 
202.32° C. Its solubility in water at 40° C. 
is about 2.2 per cent. It is freely soluble in 
alcohol, ether, and chloroform. Its specific 
gravity is’ 1.039. It gives a blue-violet color 
with ferric chloride, later becoming turbid. 
With bromine water, it yields 2 ,6-dibromo- 
4-methyl phenol crystallizing in needles 
from petroleum and having a melting point 
of 48 to 49° C. 


Industrial Uses 


The chemical allocation records of the 
War Production Board for the years 1943, 
1944, and half of 1945 show that the amount 
of cresols and cresylic acid used ranged be- 
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tween 103 and 110 million pounds per year. 
Of this, 20 million pounds was imported. 
Sixty-two per cent of the 1944 allocation 
was used in chemical manufacture (phenolic 
resins, 34 per cent; and tricresyl phosphate, 
28 per cent). Other uses included ore flota- 
tion (9.4 per cent), carbon remover (9 per 
cent), disinfectant (7.9 per cent), and oil 
refining (3.4 per cent). Smaller amounts 
were used in the textile, medicinal, and dye 
and ink industries. The total production of 
cresols and cresylic acid in the United States 
amounted to 69,930,000 pounds in 1954. 
Toxicity 

The cresols are well known for their ger- 
micidal power which averages three or four 
times that of phenol. The introduction of 
the alkyl group is apparently - responsible 
for their increased germicidal activity. The 
toxicity of the mixed cresols is, however, 
somewhat less than that of phenol, other- 
wise they produce identical effects and le- 
sions. Individually considered, m-cresol is 
less poisonous and less irritant than phenol, 
while o-cresol is more toxic and p-cresol is 
the most toxic of all three. These differences 
are too small to be of any great practical 
importance. The symptoms following inges- 
tion are similar to those of phenol collapse, 
exhaustion followed by coma, and death. 
Marked aiterations have been found in the 
liver and nephritis and hemolysis have been 
noted. The principal exposure in industry 
is related to skin contact. Burns (1) or skin 
irritation (2, 3) have frequently been re- 
ported. This often is the result of handling 
wood painted with a crude creosote which 
contains cresol. This material, which is a 
good wood preservative, is applied under 
pressure. Sawing such wood produces an ir- 
ritant sawdust. Roofing paper is sometimes 
similarly treated with crude cresol. Corcos 
(4) found that workers manufacturing an 
artificial resin containing cresol complained 
of headache, tremor, and vomiting. Some 
pathology of the kidneys with moderate 
hypertension was evident and phenolic ma- 
terial was found in the urine. Birdwood (5) 
has reported cases of keratitis resulting 
from contact with cresol-containing spray. 
Droplets of spray produced small gray spots 
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on the cornea and there was impairment of 
vision. When the droplets got into the eyes 
there was intense irritation and great pain. 


Analysis 


Maevskaya (6) has devised a method for 
determining the cresol content of air, which 
consists in collecting a large sample of air 
in a flask containing sodium hydroxide 
which is then neutralized with acetic acid 
and treated with p-nitroaniline. An equiva- 
lent of sodium nitrite solution is then added, 
followed by sodium carbonate solution. The 
rose-red coloration is compared with cresol 
standards. Using the ultraviolet absorption 
spectra of vapors, a method for the quanti- 
tative analysis of isomeric cresols and 
cresol-phenol mixtures has been developed 
by Robertson and his associates in which 
the mean deviation between the known 
composition of these mixtures and the val- 
ues determined from the working curves is 
less than 2 per cent (7). 
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CROTONALDEHYDE 


Characteristics 


Crotonaldehyde, 2-butenal, crotonic al- 
dehyde, propylene aldehyde, or B-methyl- 
acrolein is a colorless, flammable liquid 
with a sharp, characteristic pungent and 
irritating odor, freezing at —69° C. and boil- 
ing at 102.2° C. Its density is p 20/20 0.853, 
index of refraction n 17.3/p 1.4384, and it 
has a vapor pressure of 30 millimeters of 
mercury at 20° C. Crotonaldehyde can exist 
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either in the (cis) form or the (trans) form 


H—C—CH; Cees ias 
n—-¢_cHO H—C—CHO 
cis trans 


but the substance found in commerce has 
the trans configuration. The flash point 
(open cup) of anhydrous crotonaldehyde is 
13° C. Its solubility in water is 18.1 grams 
per kilogram at 20° C. Crotonaldehyde 
slowly oxidizes to crotonic acid in the open 
air and this oxidative process increases 
in rate with increased pressure, or in the 
presence of catalysts. As might be inferred 
from its ethylenic structure and. aldehyde 
group, it is very reactive and will resinify to 
a dimer readily. It undergoes addition and 
condensation reactions with alcohols, phenol, 
aldehydes and ketones, amines and unsatu- 
rated hydrocarbons. Crotonaldeyhde is pre- 
pared by adding aldol slowly to a boiling, 
dilute acid and removing the crotonalde- 
hyde, which instantly forms, by distillation. 


Uses 


While the greatest use for crotonaldehyde 
in the United States is for the manufacture 
of n-butyl! alcohol, it is also used as a sol- 
vent in the purification of oils, in the manu- 
facture of quinaldine and other synthetic 
organic chemicals and in the manufacture 
of resins. 


Toxicity 

Crotonaldehyde has a pronounced lacri- 
matory action. It is impossible to remain 
in an atmosphere of any large amount of 
the vapor of this substance and prolonged 
exposure to even low concentrations may 
result in sensitization. However no serious 
disabilities have been reported from expo- 
sure to this substance in industry. Smyth 
and Carpenter (1) found the single-dose 
oral toxicity to rats of crotonaldehyde to 
be 1 gram per kilogram of body weight and 
the LDs5o by skin absorption, using guinea 
pigs, to be 0.03 milliliters per kilogram. The 
maximum exposure of rats to the saturated 
vapor with no death was 1 minute. Skog (2) 
found that on inhalation crotonaldehyde 
produced the same symptoms as acrolein. 
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No pronounced peripheral reddening was 
observed with rats as was the case when 
crotonaldehyde was administered subcu- 
taneously. Because of its powerful odor and 
intense lacrimatory effect, crotonaldehyde 
has been proposed and used as an excellent 
warning agent in domestic gas for the pur- 
pose of detecting leaks (3, 4). It is estimated 
that when inhaled a concentration of 1 
pound of crotonaldehyde in 1 million cubic 
feet of gas will awaken a sleeping person. 


Analysis 

Owing to its aldehyde structure crotonal- 
dehyde should present no particular diffi- 
culty in determination where it exists as a 
single atmospheric contaminant. It may 
also be identified in micro amounts by con- 
version to a hydrazone with p-nitrophenyl- 
hydrazine (5). 
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CYCLOHEXANE 


Characteristics 


Cyclohexane, hexamethylene, hexahydro- 
benzol, CgHi2, molecular weight 84, boiling 
point 80.80° C., melting point 6.47° C., den- 
sity D 25/4 0.77388, and index of refraction 
n 25/D 1.4237, is a colorless, mobile liquid 
having an odor resembling benzene. It is 
practically insoluble in water but is miscible 
with alcohol and olive oil, ether, chlorinated 
hydrocarbons, and other organic solvents in 
all proportions. It has a volatility approxi- 
mately one-third that of ether at room tem- 
perature. The flash point is less than zero. 
It occurs naturally as a constituent in Cau- 
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casian petroleum and is prepared syntheti- 
cally by the catalytic hydrogenation of 
benzene. Cyclohexane is but slightly at- 
tacked by sulfuric and nitric acids but dis- 
solves on shaking with 27 parts of fuming 
sulfuric acid forming sulfonic acid deriva- 
tives of benzene. Cyclohexane does not de- 
colorize bromine and when a small amount 
(14 milliliter) is shaken with 2 milliliters of 
a saturated potassium permanganate solu- 
tion acidified with sulfuric acid, it shows 
only slight reduction even after half an hour 
which serves to differentiate cyclohexane 
from benzene. Benzene when similarly 
tested reduces potassium permanganate 
within 25 minutes. 


Industrial Uses 


Cyclohexane probably finds its greatest 
use in industry as a solvent and it is also 
employed in chemical manufacture as an 
intermediate. It is used for the extraction 
of essential oils in the perfume industry and 
as a solvent for a variety of fats and oils, 
as well as paraffin, waxes, and resins. Cyclo- 
hexane is used to some extent as a crystal- 
lizing medium in the preparation of certain 
fine chemicals and is also a solvent for syn- 
thetic rubber of the neoprene type. It occurs 
commercially as a constituent of neoprene 
cements. The production of cyclohexane in 
the United States amounted to 217,619,000 
pounds in 1954. 

Toxicity 

Cyclohexane has a weak narcotic effect 
unaccompanied by clonic convulsions or 
trembling (Flury). Most authorities agree 
that cyclohexane is much less toxic than 
benzene (1). In acute poisoning, the symp- 
toms consist of disturbances in equilibrium, 
giddiness, and stupor, followed by paralysis 
of the respiratory center in fatal poisoning. 
In contrast with benzene, cyclohexane does 
not cause degeneration of the bone marrow 
and the blood picture indicates neither ane- 
mia nor leucopenia in chronic poisoning. Ac- 
cording to Treon and his associates (2), 
application of cyclohexane to the skin of a 
rabbit caused irritation and thickening of 
the skin, but no fatality resulted from re- 
peated cutaneous applications of this sub- 
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stance. These investigators found that with 
rabbits exposed to 2.65 milligrams of cyclo- 
hexane per liter of air for 50 periods of 6 
hours each, there were barely demonstrable 
microscopic changes in the liver and kid- 
neys. No toxic changes were found in the 
tissues of rabbits exposed to 1.46 milligram 
of cyclohexane per liter of air for the same 
time. According to these investigators, the 
maximum safe concentration for prolonged 
exposure of rabbits lies between 434 and 
786 parts per million. Fabre and his associ- 
ates (3) find that rabbits exposed 8 hours 
per day to atmospheres containing 2.7 to 22 
milligrams per liter of cyclohexane showed 
normal growth curves and no external 
symptoms of poisoning nor pathological 
changes. On the basis of their study they 
recommend cyclohexane as a safe replace- 
ment for benzene in industry. Truhaut (4) 
has pointed out that the presence of ben- 
zene aS an impurity in commercial cyclo- 
hexane does not indicate that cyclohexane 
itself is toxic. 


Analysis 


The concentration of cyclohexane vapor 
in the atmosphere may be measured by a 
catalytic type detector or combustible gas 
indicator. Adsorption on equilibrated acti- 
vated charcoal (5) is also a useful method. 
Treon and associates (2) used a combustible 
gas indicator for concentrations from 0.95 to 
2.65 milligrams per liter of air. This indica- 
tor has two electrically balanced circuits 
passing through platinum filaments, one of 
which is unbalanced by the burning of the 
hydrocarbons. The extent to which the cir- 
cuit is unbalanced is a measure of the con- 
centration of cyclohexane. It should be 
noted that none of these methods, however, 
is specific for cyclohexane. 
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CYCLOHEXANOL 


Characteristics 


Cyclohexanol, hexahydrophenol, hexalin, 
CgHii0H, has a molecular weight of 110, a 
boiling point of 161.1° C., a melting point 
of 25.15° C., a density p 30/4 of 0.94155, and 
an index of refraction n 25/p of 1.46477. It 
is a colorless, oily, viscous, neutral liquid 
or a colorless, hygroscopic, crystalline solid 
having a camphor-like odor. It has a vapor 
density of 3.45, a flash point of 68° C., and 
is 1/400th as volatile as ether. The solubility 
in water is 5.4 per cent at 15° C. and it is 
miscible with most organic solvents and oils. 
Cyclohexanol is produced by the catalytic 
reduction of phenol by means of a nickel 
catalyst at 175° C. On oxidation with con- 
centrated nitric acid, cyclohexanol yields 
adipic acid. Cyclohexanol does not reduce 
cold aqueous permanganate solution. It is, 
however, oxidized by a chromic-sulfuric 
acid mixture yielding cyclohexanone. Cy- 
clohexanol dissolved in concentrated hydro- 
chloric acid at room temperature separates 
cyclohexyl] chloride (boiling point 143° C.). 


Industrial Uses 


Cyclohexanol is used as stabilizer, pene- 
trant, blending agent, and homogenizer for 
various combinations of solvents. It is used 
in soap making, in the textile industry, in 
making emulsions, detergents, cutting oils, 
insecticides, disinfectants, plasticizers, in 
lacquers, paints and varnishes, and in finish 
removers. The adipic acid formed on the 
oxidation of cyclohexanol is useful in chain 
polymerizations resulting in the formation 
of methyl rubber or of polychloroprene or 
by a condensation reaction of the type rep- 
resented by the synthesis of nylon. 


INDUSTRIAL TOXICOLOGY 


Toxicity 

Pohl (1) was unable to find any other 
effect than narcosis from feeding or inhala- 
tion experiments with cyclohexanol in which 
cats, rabbits, and dogs were used as experi- 
mental animals. No after-effects were ap- 
parent in any of these experiments. Narcosis 
has been noted by Treon and associates (2) 
as the only sign of intoxication following the 
oral administration of cyclohexanol to rab- 
bits. However, Sato (3) noted an especially 
pronounced paralytic effect following the 
administration of cyclohexanol. When ar- 
ranged according to lethal dosage by mouth, 
cyclohexanol falls between cyclohexanone 
and cyclohexane. Repeated cutaneous ap- 
plication to rabbits produced hypothermia, 
narcosis, and convulsive movements, al- 
though only slight effects are produced with 
15 per cent cyclohexanol in potassium ole- 
ate. Cyclohexano! (1.09 milligram per liter) 
causes irritation to the eyes of rabbits. Some 
narcosis was produced at 4 milligrams per 
liter, while at 0.58 milligram per liter (145 
parts per million) the animals exhibited no 
evidences of discomfort or intoxication. 
Nelson and associates (4), in a study of 
the sensory response to certain industrial 
solvents, found that cyclohexanol is objec- 
tionable to all subjects at 100 parts per 
million and that at this concentration it 
causes iritation to the eyes, nose, and throat. 
According to McConnell (5), cyclohexanol 
may paralyze the central nervous system 
and may be more toxic than benzene but is 
less dangerous owing to its much lower 
volatility. The maximum allowable concen- 
tration of cyclohexanol as reported by var- 
ious States is between 50 and 100 parts per 
million. 


Analysis 


The concentration of cyclohexanol in air 
has been determined colorimetrically by 
Treon and associates (2) by measuring the 
intensity of the straw color produced by 
the reaction with catechol and concentrated 
sulfuric acid. The sample is compared with 
a suitable standard in a 2-inch cell of a 
wedge photometer at 520 or 540 milli- 
microns. The acetyl value (the number of 
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milligrams of potassium hydroxide required 
to combine with the acetic acid liberated 
from 1 gram of acetylated substance) for 
cyclohexanol is 492. 
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CYCLOHEXANONE 
Characteristics 


Cyclohexanone, pimelic ketone or keto- 
hexamethylene, CgH;.0, molecular weight 
98.1, is an oil with a peppermint-like odor 
that may be detected in wood spirit oil and 
together with its homologues in heavy ace- 
tone oil. The density is p 20/4 0.94653, 
boiling point 155.7° C., melting point —16.4° 
C., refractive index n 20/p 1.4507, and the 
flash point 50° C. Its volatility is about 1/40 
that of ether. It can be obtained by the ox- 
idation of cyclohexanol or by the catalytic 
reduction of phenol. Distillation of the salts 
of pimelic acid yields cyclohexanone. Cyclo- 
hexanone dissolves in 27 volumes of water 
but is salted out by ammonium sulfate. With 
a saturated aqueous solution of acid sodium 
sulfite, it yields a sulfite addition compound. 
When oxidized with warm dilute nitric acid, 
it reacts violently yielding adipic acid and 
when reduced with aluminum isopropylate 
in isopropyl alcohol, it gives cyclohexanol 
(95 per cent yield). 


Industrial Uses 


Since cyclohexanone on oxidation yields 
adipic acid, it is useful in chain poylmeriza- 
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tions. This is utilized in the formation of 
methyl rubber or of polychloroprene or by a 
condensation reaction of the type illustrated 
in the synthesis of Nylon. Cyclohexanone is 
a solvent for cellulose esters and ethers, 
dyes, resins, lacquers, shellac, oils, and fats. 
It is used in the textile, lacquer, and leather 
industries, for metal degreasing, in paint 
removers, in printing inks, and in the plas- 
tics industry. 


Toxicity 


Doubtless, owing to its slight volatility, 
cyclohexanone is considered to be a com- 
paratively harmless solvent. The experi- 
mental work of Specht and his associates 
(1), however, indicates that animals ex- 
posed to 0.4 per cent cyclohexanone vapor 
for protracted periods show serious after- 
effects and a certain amount of mortality. 
In a study of the comparative toxicity of 
cyclohexanone and a number of related 
cyclic compounds, it has been found (2) that 
the minimum lethal dose of cyclohexanone 
for rabbits by oral administration lies be- 
tween 1.6 and 1.0 gram per kilogram. While 
contact with cyclohexanone is character- 
ized by its irritation of mucous surfaces ac- 
cording to some authors. Treon and his as- 
sociates found that the only sign of 
intoxication following the oral administra- 
tion of cyclohexanone was narcosis. They 
found the maximum safe concentration of 
cyclohexanone for prolonged exposure of 
rabbits to be slightly below 190 parts per 
million. However, it was found by Nelson 
and his associates (3) that cyclohexanone 
was not tolerated by man at 50 parts per 
million, throat irritation being the most 
marked effect. Twenty-five parts per mil- 
lion was not objectionable to most subjects. 
Ceresa and Grazioli (4) have found that 
cyclohexanone administered subcutaneously 
to guinea pigs is followed by digestive dis- 
turbances and anemia. Caujolle and his as- 
sociates (5) administered cyclohexanone in 
olive oil intravenously in anesthetized dogs 
in doses of 0.63 gram per kilogram, and 
found that this substance is lethal within 
one hour with symptoms of hypotension and 
accelerated respiration. All these various 


204 INDUSTRIAL TOXICOLOGY 


reports indicate therefore a degree of tox- 
icity for cyclohexanone which should re- 
ceive consideration wherever this substance 
is used in industry. The majority of the 
States concur in a maximum allowable con- 
centration value of 100 parts per million for 
cyclohexanone. 


Analysis 

Identification of cyclohexanone may be 
made by taking advantage of the formation 
of a number of substances of definite melt- 
ing point. With hydroxylamine hydrochlo- 
ride and sodium acetate in dilute methyl 
alcohol, cyclohexanone oxime (melting point 
91° C.) is formed. 1-Methyl-3-carbohy- 
drazidopyridinium p-toluenesulfonate (6) 
gives an easily crystallizable hydrazone 
having a melting point of 146° C. p-Iodo- 
benzohydrazide (7) gives a hydrazone with 
melting point of 188 to 189° C. A micro- 
method for the quantitative gravimetric de- 
termination has been developed by Sozzi 
(8) which takes advantage of the precipita- 
tion of the yellow crystals formed with 2,4- 
dinitrophenylhydrazine. Zeidler and Kreis 
(9) have developed a colorimetric method 
based upon the violet color given with o- 
nitrobenzaldehyde and alkali in dilute al- 
coholic solution. The color intensity reaches 
a maximum after about 1 hour and the rates 
of maximum color intensity of various cyclic 
ketones serve to distinguish them. Cyclo- 
hexanone as an aerial contaminant may be 
determined colorimetrically by measuring 
the intensity of the pink color produced by 
a reaction of the Zimmerman type, with 
m-dinitrobenzene (2). 
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CYCLOHEXENE 
Characteristics 


Cyclohexene, tetrahydrobenzene, an al- 
kene having the structure 


CH, 
H, of ‘ox 
n¢ © OH 
CH, 


is a colorless liquid having a boiling point 
of 83° C., a melting point of —103.4° C., 
density p 20/4 of 0.8088, and index of re- 
fraction n 20/p of 1.44646. It may be pre- 
pared by the dehydration of cyclohexanol 
with 95 per cent sulfuric acid at 130 to 140° 
C., by the catalytic dehydration of cyclo- 
hexanol with silica gel at 280 to 300° C., or 
with activated alumina at 380 to 450° C. 
The latter type of dehydration is accom- 
plished in about 4 hours with a yield of 89 
per cent. Cyclohexene adds bromine yield- 
ing 1,2-dibromocyclohexane (boiling point 
101 to 103° C.) and when dissolved in an in- 
ert solvent, such as heptane or xylene, and 
brominated, it yields cyclohexyl bromide 
(boiling point 165° C.). When added to a 
suspension of sodium thiocyanate and cop- 
per sulfate in acetic acid and allowed to 
stand overnight, it forms a thiocyanate ad- 
dition compound, cyclohexene 1 , 2-dithio- 
cyanate, which is a white crystalline product 
melting at 58 to 58.5° C. Cyclohexene is in- 
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soluble in water but is miscible with alcohol 
or ether. 


Industrial Uses 


Cyclohexene is used as a special solvent 
and as an intermediate in organic synthesis. 
Toxicity 

Lazarew (1) included cyclohexene in a 
study of the toxicity of various hydro- 
carbon vapors and found it to be somewhat 
more toxic that cyclohexane. At a concentra- 
tion of 30 milligrams per liter, white mice 
were definitely affected and were killed by 
concentrations of 45 to 50 milligrams per 
liter. The reflexes remained positive almost 
to the point of death. Cyclohexene affected 
the animals at a concentration of 50 milli- 
grams per liter and death occurred at a 
concentration of 60 to 70 milligrams per 
liter. Pohl (2) found that following the 
inhalation of cyclohexene vapor dogs ex- 
hibited symptoms characterized by muscu- 
lar quivering and reeling or apparent giddi- 
ness. Cyclohexene oxide has been patented 
for use as an insecticidal fumigant (3). 
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CYCLOHEXYLAMINE 


Characteristics 


Cyclohexylamine, hexahydroaniline, ami- 
nocyclohexane. 


CHNH, 
oo 
a On 
HC CH, 
CH, 


is a liquid having a pronounced and dis- 
agreeable, fishy odor, an intensely bitter 
taste and strongly basic properties. It boils 
at 134.5° C. and solidifies at —17.7° C. Its 
density is p 25/25 0.8647 and index of re- 
fraction is‘n 25/p 1.4565. Cyclohexylamine 
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is completely miscible with water and with 
most organic solvents. It is prepared by the 
catalytic hydrogenation of aniline at high 
temperatures and pressures. The crude re- 
action product contains unchanged aniline 
in addition to a high boiling residue of cyclo- 
hexylaniline and dicyclohexylamine. Cyclo- 
hexylamine is separated from the reaction 
products by fractional distillation (1). 


Uses 


Cyclohexylamine is used in the pharma- 
ceutical industry, in organic synthesis, in 
the rubber industry, and in dyestuff manu- 
facture. 


Toxicity 

In experimental work with animals Wat- 
rous and Schulz (2) found that the chief 
effect of cyclohexylamine vapor appeared 
to be irritation, which is probably attribut- 
able to its strong alkalinity. While the 
acute lethal dose for rabbits when injected 
was found to be 0.5 gram per kilogram of 
body weight, rabbits, guinea pigs and rats 
were able to survive a daily oral dose of 
100 milligrams per kilogram for 82 days, 
according to Carswell and Morrill (1). 
Watrous and Schulz (2) cite three cases of 
industrial exposure. The principal effects 
noted in these cases were drowsiness and 
nausea. In one case vomiting occurred. 
Dilatation of the pupils was noted but 
pulse and blood pressure were normal. All 
three cases quickly recovered. Measurement 
of atmospheric cyclohexylamine concentra- 
tion when operating under normal condi- 
tions indicated that an exposure of from 4 
to 10 parts per million caused no symptoms 
whatsoever in the plant operators. 

In three different experiments Watrous 
and Schulz exposed rabbits, guinea pigs and 
white mice to cyclohexylamine vapor 7 
hours a day to average concentrations of 
1,200, 800, and 150 parts per million. Ex- 
treme irritation and death occurred at the 
highest concentration and the vapor caused 
the corneas of all the animals to become 
opaque. No convulsant effects were noted 
at the levels tested. Cyclohexylamine is ab- 
sorbed through the skin and Mallette and 
von Hamm (3) found it to be a skin ir- 
ritant and moderately sensitizing. 
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Analysis 

The atmospheric concentration of cyclo- 
hexylamine vapor may be determined by 
absorption of the vapor in standardized acid 
and indirect titration with standardized 
alkali using bromthymol blue as an indi- 
cator. One milliliter of 0.01 N HCl is 
equivalent to 0.992 milligram of cyclohexyl- 
amine (2). 
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CYCLOPROPANE 
Characteristics 
Cyclopropane, trimethylene, 


CH; 


~, 
H.C 


CH, 


an isomer of propylene, is a colorless gas 
with a characteristic, not unpleasant odor. 
It boils at —34.4° C., melts at —126.6° C., 
and liquefies at 4 to 6 atmospheres pressure. 
While generally stated to be insoluble in 
water, it is freely soluble in alcohol and 
ether. It is inflammable and explosive simi- 
lar to ether. According to Jones and his 
associates (1), the lower limit of inflamma- 
bility of cyclopropane in air at room tem- 
perature and pressure is 2.45 per cent and 
the upper limit 10.45 per cent by volume. 
Cyclopropane has been prepared from tri- 
methylene bromide and sodium or with al- 
cohol and zinc dust or zine wool with exclu- 
sion of moisture. Cyclopropane combines 
with bromine especially in the presence of 
hydrobromic acid forming mainly trimeth- 
ylene bromide. With hydrogen iodide, it 
forms n-propyl iodide. Hydrogen in the 
presence of finely divided nickel reduces it 
to propane even at 80°C. 
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Industrial Uses 


Production of cyclopropane in the United 
States in 1945 amounted to 42,000 pounds. 
By 1953 this had increased to 106,000 
pounds annually. It has certain applications 
in the chemical industry as a starting point 
in synthesizing various organic substances 
and has received attention as an inhalation 
anesthetic, which is said to be characterized 
by rapid induction and quick recoveries. 
Cyclopropane will produce narcosis when 
inhaled in concentrations as low as 4 per 
cent and the gas may be given by the closed 
carbon dioxide absorption technique. 


Toxicity 

The effects of exposure to cyclopropane 
are principally those of narcosis, and indus- 
trial exposure would be chiefly dangerous 
from the point of view of inflammability 
and explosion. Apparently its use as an an- 
esthetic has been limited by the cardiac dis- 
turbances which follow this application. 
Animal experiments with high concentra- 
tions of cyclopropane produces arrhythmia 
with ventricular extrasystoles, followed 
later by tachycardia and fibrillation. Nau- 
sea and vomiting are not frequent nor does 
the inhalation of the gas cause irritation in 
clinical concentrations. Seevers and his as- 
sociates (2) regard its analgesic action as 
about eight times as great as nitrous oxide 
and six times that of ethylene. According 
to Morrison (3), cyclopropane has no dis- 
cernible postoperative toxic effects on the 
liver. Evidence is presented by Dripps and 
Walker (4) to suggest that the hypotension 
not infrequently noted at the conclusion of 
cyclopropane anesthesia is related in part 
to an abnormally high level of carbon diox- 
ide in the arterial blood during anesthesia. 
This increase in arterial carbon dioxide ten- 
sion results from the respiratory depressant 
action of cyclopropane. 


Analysis 


No method has apparently been devel- 
oped for the analysis of air containing cy- 
clopropane as a contaminant. It is possible 
that in the absence of other combustible 
constituents, the combustion-indicating ap- 
paratus calibrated for cyclopropane itself 
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could be used. Differentiation between cy- 
clopropane and propylene may be made by 
taking advantage of the greater reactivity 
of propylene to an aqueous iodine-bromine 
solution (5). 
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DIAZOMETHANE 
Characteristics 
Diazomethane, azimethylene, 
CH,=—N=N 


is a yellow gas with a peculiar musty odor. 
It is easily condensed to a liquid which boils 
at —23 °C. to —24 °C. The liquid diazo- 
methane, as well as its concentrated solu- 
tions, may explode violently on heating, or 
in contact with the rough surfaces of glass, 
or particulate matter. In ether or benzene, 
in either of which diazomethane is readily 
soluble, the danger of explosion is much de- 
creased, but even the ethereal solution will 
explode with severe heating. Diazomethane 
is usually prepared by von Pechmann’s 
original method from methyl]nitrosourethan. 
This is a commercial product—a yellowish- 
red liquid boiling at 70° C. at 23 milli- 
meters. When this is treated with sodium 
methoxide, diazomethane is readily evolved. 
However a number of other methods of 
preparation have been described, such as 
the reaction of potassium hydroxide with a 
chloroform solution of hydrazin and the 
potassium hydroxide saponification of ni- 
trosomethylurea in ether solution. 
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Uses 


Diazomethane is a powerful methylating 
agent especially useful for the methylating 
of phenols and carboxylic acids. The reac- 
tion is fast, usually quantitative, and can be 
carried out at room temperature without 
the addition of other reagents. It is excel- 
lent therefore for use with sensitive com- 
pounds, as it reacts in neutral solution. 
While its toxicity and danger have limited 
its employment in the past, there is an in- 
creasing tendency to apply diazomethane 
in many of the complex and difficult syn- 
theses now demanded of the chemist. 


Toxicity 


Diazomethane is undoubtedly one of the 
most dangerous products of the chemical 
laboratory, not only because of its explo- 
sive nature, but particularly because of its 
toxic effects. Since it was discovered in 1894 
by von Pechmann, a succession of chemists 
have drawn attention to its noxious prop- 
erties. Von Pechmann himself was appar- 
ently eventually sensitized against diazo- 
methane. Others have reported irritation of 
the eyes, dizziness, and denudation of the 
mucous membranes. In one case vapor from 
an ethereal solution of diazomethane was 
found to be severely irritating to the skin, 
and the fingers becamse so tender that it 
was difficult to pick up small objects, such 
as a pin. Chest pains, fever, and severe asth- 
matic effects have been reported from con- 
tact with the gas. It has been reported fur- 
thermore that hypersensitivity results from 
contact with the substance and further con- 
tact brings on attacks of asthma with asso- 
ciated symptoms. 

The first case of serious poisoning in the 
available literature from exposure to diazo- 
methane was reported by Sunderman and 
his associates (1). In this case a chemist 
was exposed to diazomethane gas and re- 
quired 2 weeks of hospitalization before re- 
covery. Severe lung edema resulted from 
the powerful irritant action of the gas on 
the mucous membranes of the lungs: LeWinn 
(2) has recently reported a death from ex- 
posure to diazomethane vapor. The victim 
(also a chemist) was distilling diazometh- 
ane under a laboratory hood and inadvert- 
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ently breathed some of the gas. The effects 
were not immediate, but began to be appar- 
ent on the following day. The symptoms 
were those of a fulminating pneumonia and 
the patient died about 100 hours after ex- 
posure. At autopsy the gross features were 
in the respiratory system. Histologic exam- 
ination of the trachea and main stem bron- 
chi showed the ciliated epithelium to be 
almost entirely lost and the mucosa thick- 
ened by edema and congestion. There was 
enormous engorgement of the capillaries 
and small veins. In the lungs there was 
widespread acute congestion. The patho- 
logical diagnosis was acute ulcerative trach- 
eobronchitis, bronchiolitis and bronchiolar 
pneumonia with secondary changes in the 
heart, kidney and liver. It does not appear 
from the reports of these two cases that 
either of the chemists was careless or ex- 
posed to any especially large amount of 
diazomethane. This all the more points up 
the deadly character of the substance. Berg 
(3) has more recently described a somewhat 
similar case of a worker exposed to diazo- 
methane vapor. 

A certain amount of animal experimental 
work has been reported with reference to 
diazomethane. Sunderman et al. (loc. cit.) 
exposed guninea pigs to the vapor of diazo- 
methane introduced in desiccators and 
noted the typical asthmatic type of respira- 
tion which resulted. Autopsy revealed the 
pronounced irritant action of the gas on the 
mucous membranes of the lungs. Flury and 
Zernik (4) found (with cats as experimen- 
tal animals) that 175 parts per million of 
the gas dispersed in 2 per cent ether vapor 
(diazomethane vapor mixed with air is vio- 
lently explosive) invariably led to death 
within 3 days. 

In view of the dangerous and insidious 
nature of diazomethane, it is suggested that 
it be handled with all the precautions that 
are adopted in working with arsine, or simi- 
lar very toxic substances. 


Analysis 


Of the several methods that have been 
adapted to the analysis of diazomethane, 
that of Marshall and Acree (5) is consid- 


ered the best..The diazomethane solution is 
cooled, treated with 1/10 normal concentra- 
tion of benzoic acid and after the reaction 
is complete, the excess benzoic acid is ti- 
trated with 1/10 normal concentration of 
barium hydroxide solution. Other methods 
consist in adding an excess of iodine and de- 
termining the amount used in the reaction, 
or by adding an alcoholic solution of hy- 
drochloric acid (which reacts to form 
methyl chloride and nitrogen) and measure- 
ment of the amount of nitrogen evolved. 
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DIBUTYL PHTHALATE 


Characteristics 


Dibutyl phthalate, CesH,(COOC,Hp), is 
a colorless, stable, oily liquid with a boiling 
point of 340.7° C., density p 20/20 of 1.047, 
vapor pressure of 1.1 millimeter of mercury 
at 150°C., and an index of refraction n 
20/p of 1.4900. It is very slightly soluble in 
water and is miscible with the common or- 
ganic solvents. The flash point of dibutyl 
phthalate lies between 158° and 174° C. It 
is made by the interaction of normal butyl 
alcohol and phthalic anhydride. On hydrol- 
ysis with alkali, dibutyl phthalate yields 
n-butyl] alcohol and phthalic acid. 


Industrial Uses 


During 1945, 45,915,000 pounds of dibu- 
tyl phthalate was produced in the United 
States. During the war, this was distributed 
as follows: 74.6 per cent for the direct use of 
the military establishment; 6 per cent for 
synthetic rubber; 4.8 per cent for insect re- 
pellants; and 9.3 per cent for plastics, lac- 
quers, cellophane, and adhesives. Smaller 
amounts were used for photography, textile 


_— ——- 


m i. ee ee 


, 





CARBON COMPOUNDS 


coatings, and for cable coatings. Production 
in 1953 amounted to 23,280,000 pounds. Di- 
butyl phthalate is used as a plasticizer in 
nitrocellulose lacquer and in pyroxylin plas- 
tics, as a solvent for perfume oils, and, to 
some extent, as a resin solvent. 


Toxicity 


Since dibutyl phthalate does not volati- 
lize readily, the danger from inhalation of 
vapors would seem to be relatively small. 
However, plasticizers are often incorporated 
into synthetic resins by milling upon hot 
rolls. Shaffer and his associates (1), in mak- 
ing an evaluation of the health hazard of 
this operation, exposed rats to mists formed 
by bubbling a stream of air through the 
plasticizer maintained at 170° C. The data, 
which give a comparison of the fatal effects 
in an extremely severe exposure, show di- 
butyl phthalate to be more dangerous than 
triethylene glycol di(2-ethylbutyrate), di- 
butyl sebacate, tricresyl phosphate, or di(2- 
ethylhexyl) phthalate. In an atmosphere 
containing 1 milligram per liter of dibutyl 
phthalate, cats showed irritation of the mu- 
cous membranes, salivation, restlessness, ir- 
ritation of the eyes, and after 3% hours 
were exhausted. There was quick recovery 
and no after-effects (2). It should be pointed 
out that exposure in these cases was severe. 
According to Sollmann (3): ‘No toxic ef- 
fects, external or internal, have been re- 
ported and it is probably harmless”. How- 
ever, toxic nephritis has been reported in the 
case of a chemical worker who swallowed 
about 10 grams of dibutyl phthalate by mis- 
take (4). Nausea and giddiness occurred 
after some hours, his eyes became inflamed 
and painful with photophobia and lacrima- 
tion, and clinical investigation revealed con- 
siderable amounts of albumin with many 
red and white cells in the urine. Under treat- 
ment recovery was complete. Inhalation in 
the form of mist causes throat irritation and 
since local hydrolysis would produce 
phthalic acid, it is possible that those indi- 
viduals who are sensitive to phthalic acid 
would notice especially irritant effects. No 
maximum allowable concentration value has 
been established for dibutyl phthalate. 
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Analysis 


Owing to its high boiling point, it is un- 
likely that dibutyl phthalate would be en- 
countered to any extent in ordinary manu- 
facturing operations in the gaseous form. 
The analytical procedure for the determina- 
tion of phthalate, according to Smith and 
Strempfer, must be an indirect one since no 
direct method is satisfactory in aqueous 
solution.. Their evidence indicates that 
phthalate cannot be determined directly by 
the addition of lead nitrate or acetate to 
aqueous solutions containing phthalate ion 
(5). Dibutyl phthalate mist may be deter- 
mined in air samples by absorption and hy- 
drolysis with a known amount of standard 
alkali. Advantage may also be taken of the 
method adopted for the determination of 
phthalic anhydride (qg.v.) as an atmos- 
pheric contaminant. The formation of fluo- 
rescein with its characteristic powerful green 
fluorescence is particularly delicate for re- 
vealing small amounts of phthalic acid. 
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DICHLOROBENZENE 
Characteristics 


o-Dichlorobenzene (1,2-), CgH4Cle, mo- 
lecular weight 146.96, one of the three iso- 
meric forms of this substance is a colorless 
liquid having a boiling point of 179° C.; re- 
mains liquid even at —14°C., and has a 
density of 1.325 at 0° C., a melting point of 
—18.3°C., flash point 68° C., and index of 
refraction n 25/p 1.5518. Its volatility is 
about 1/57 that of ether. It is insoluble in 
water but soluble in alcohol. 

m-Dichlorobenzene (1,3-) is also a color- 
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less liquid having a density of 1.307, a boil- 
ing point of 172° C., an index of refraction 
of n 20/p 1.5457, and a melting point of 
—26.4° C. It is soluble in alcohol and ether 
but insoluble in water. 

p-Dichlorobenzene (1,4-) melts at 53° C., 
boils at 173.7° C., and has a density 1.2675. 
It is a white solid consisting of monoclinic 
crystals which are soluble in absolute alco- 
hol and freely soluble in ether, benzene, and 
carbon disulfide. The refractive index is n 
69.9/p 1.5266. The relative rate of vapori- 
zation was determined by Darkis and asso- 
ciates (1) and the vapor pressure measured 
by these investigators was found to be 1.02 
millimeters of mercury at 25°C. and 8.55 
millimeters of mercury at 50° C. As in the 
case of the other two dichlorobenzenes, p-di- 
chlorobenzene is prepared by the further 
chlorination of monochlorobenzene, p-di- 
chlorobenzene being principally formed with 
the simultaneous formation of only a rela- 
tively small amount of o-dichlorobenzene. 
The dichlorobenzenes have an aromatic 
odor, that of the solid p-derivative being 
penetrating and familiar because of its 
widespread use. 


Industrial Uses 


The extent to which the dichlorobenzenes 
are used is reflected in the statistical data 
given by the U.S. Tariff Commission, which 
states that 15,988,000 pounds of o-dichloro- 
benzene and 34,521,000 pounds of p-di- 
chlorobenzene were manufactured in the 
United States in 1947. 0-Dichlorobenzene 
is used as a solvent for gums, fats, oils and 
waxes, sulfur, resins and lacquers, and in 
paint and varnish removers, and it is used 
as an insecticide against the larvae of the 
crane fly in golf greens and against certain 
powder post beetles (Lyctus). Mixed with 
glue, it is said to protect cabinet work 
against wood boring insects, m-Dichloro- 
benzene apparently has no important prac- 
tical applications. p-Dichlorobenzene is 
familiar as a household insecticide to pro- 
tect woolens against the clothes moth. Since 
it was first. reeommended by Blakeslee (2) 
as a means of controlling the peach tree 
borer, Sannonoidea exitosa Say, it has been 
extensively employed for this purpose. It is 
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also used for the destruction of the sugar 
cane grub. It has further application as an 
intermediate in organic syntheses and in 
drug and dye manufacture. 


Toxicity 

As stated by Hunter (3), “The entrance 
of chlorine into an aliphatic compound in- 
creases its toxicity whereas the reverse is 
the case with an aromatic hydrocarbon. 
Thus chlorobenzene is less toxic than ben- 
zene and causes no trouble in industry.” 
This also- applies to the dichlorobenzenes. 


Consequently the dichlorobenzenes have not 


proved to be of any great hygienic signifi- 
cance in industry. The few cases of acute 
poisoning that have been reported are com- 
plicated by the fact that the dichloroben- 
zene was used or applied in a solvent of more 
distinctive toxic properties, such as carbon 
tetrachloride. However, a certain amount 
of injury may follow undue exposure of the 
skin to these substances on direct contact 
with the skin. While the danger from the in- 
halation of the vapor of p-dichlorobenzene 
has been stated to be minimal by such au- 
thorities as Flury and Zernik (4) and Leh- 
mann and Flury (5), Berliner (6) cites defi- 
nite cases of injury following exposure to 
this vapor. He specifically reports two defi- 
nite cases of injury in young women result- 
ing from exposure to p-dichlorobenzene 
vapor for periods of 1 or 2 years and refers 
to cases of injury followed by death of such 
animals as guinea pigs and rabbits resulting 
from exposure to the vapor of p-dichloro- 
benzene. Berliner has pointed out the dan- 
ger of cataract formation and states that in 
the cases referred to above, the individuals 
showed jaundice and loss of weight. The for- 
mation of cataracts due to exposure to p-di- 
chlorobenzene has also been shown to occur 
by Pike (7). In general, the dichloroben- 
zenes have a local irritating effect. Follow- 
ing severe exposure, they paralyze the cen- 
tral nervous system and are therefore 
strongly narcotic and furthermore, they act 
as metabolic poisons causing liver injury. 
Cotter (8) has reported several cases of poi- 
soning from p-dichlorobenzene with two 
deaths. The clinical diagnosis was acute 
yellow atrophy and cirrhosis of the liver 
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in most of the cases. Cotter has pointed out 
the danger of exposure to the vapor of this 
substance and warns against its domestic 
use. Weller and Crellin (9) report pulmo- 
nary granulomatosis following exposure to 
p-dichlorobenzene, and Wallgren (10) cites 
chronic poisoning of eight workers in a fac- 
tory producing this substance. No maximum 
allowable concentration value has been set 
for p-dichlorobenzene. Riedel (11) found 
that animals painted with o-dichloroben- 
zene became excited and died on the follow- 
ing day. Downing (12) has shown dermatitis 
to follow from skin contact with o-dichloro- 
benzene and occupational dermatitis has 
been reported from o-dichlorobenzene used 
in a synthetic varnish (13). 


Analysis 


The detection and determination of di- 
chlorobenzene vapor has not heretofore as- 
sumed any great importance ‘and therefore 
no specific methods have been developed 
for this purpose. General methods, such as 
freezing the vapor in a tared trap and weigh- 
ing (1) or the thermal decomposition with 
quantitative chloride determination by the 
Volhard method, are suggested procedures. 
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DICHLORODIPHENYLTRICHLORO- 
ETHANE (DDT) 


Characteristics 


Dichlorodiphenyltrichloroethane 
(DDT) exists in several isomeric forms de- 
pending upon the position of the chlorine 
substituents. The product resulting from the 
condensation of monochlorobenzene and 
chloral, according to the process originally 
described by Zeidler (1), consists largely 
of 2,2-bis(p-chloropheny]l)-1,1,1-trichlo- 
roethane together with the o and p isomers. 
Technical DDT is somewhat variable in 
composition depending on the mode of syn- 
thesis. The pure form of DDT melts at 107 
to 108° C. DDT is a white powder having 
a faint, fruity odor and is practically insolu- 
ble in water. However, it is readily soluble 
in a number of organic solvents. DDT is 
applied either as a dust, in oily solution, or 
as a mist. In the first case, it is mixed with 
some inert dust, such as clay, ground soap- 
stone, or talc, in various proportions. If a 
wetting agent is added, these powders can 
be mixed with water and used as sprays. 
Oily solutions are made from various petro- 
leum oils. Aerosols and mists make use of 
sesame oil, cyclohexanone, or the freons for 
dispensing agents. Occasionally, dimethyl 
and dibutyl phthalate or the pyrethrums 
may be combined with DDT in order to ex- 
tend its usefulness. The toxic action of the 
residue of DDT, which persists for some 
time following its application to insect rest- 
ing places, constitutes one of the unique ad- 
vantages of this insecticide. 


Industrial Uses 


Since the insecticidal qualities of DDT 
were reported in 1940 by Miiller in Switzer- 
land (2), its applications in this country 
have increased very greatly. Its efficacy in 
malarial control has led to the conviction of 


212 


many malariologists that malaria eradica- 
tion is a possibility. It should be pointed out 
that only the p,p’-DDT isomer is effective 
against a wide range of injurious insects. 
Among these are mosquitoes, body lice, 
houseflies, codling moth, corn borer larvae, 
and screw worm larvae. The economic im- 
portance of DDT is readily apparent when 
it is considered that damage by the Euro- 
pean corn borer larvae in 1945 was esti- 
mated at 37 million dollars, that of the 
screw worm larvae, a serious pest of live- 
stock at 5 million dollars, yearly damage 
by houseflies at 66 million, and damage by 
the codling moth larvae to apples and other 
fruits at about 31 million dollars (3). Dur- 
ing 1945, a total of 33,253,000 pounds of 
DDT was produced in the United States. An- 
nual production had increased to 97,198,000 
pounds by 1954. 
Toxicity 

Possible harm from DDT may result from 
its contact with the skin during manufac- 
ture, handling the manufactured product in 
bulk, the preparation of solutions and emul- 
sions, accidental spillage, impregnation of 
garments with dust or solutions, from ab- 
sorption through the alimentary canal fol- 
lowing the ingestion of contaminated food 
or water, and through inhalation. While the 
inhalation of dust is particularly important, 
skin contact with oily solutions and emul- 
sions also presents a potential hazard. Fol- 
lowing its introduction early in the war, 
many investigations of the toxicity of DDT 
were made both with reference to its killing 
power towards insects, as well as its poten- 
tial danger to man. Fortunately, while DDT 
is a powerful insecticide and while it can 
induce toxic features and death if deliber- 
ately administered in large amounts, it may 
be said that it has a wide margin of safety 
in ordinary manufacture and in use as an 
insecticide. Even long-continued exposure to 
concentrations as great as 1 per cent appar- 
ently present no danger to man (4, 5). 
Mackerras and West (6) report an instance 
in which 25 men ate various amounts of 
DDT mistaken for baking powder. Within 
2% hours all were weak and giddy. Four 
vomited but all recovered within 48 hours. 
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The predominant symptoms in animals re- 
sulting from serious poisoning with DDT 
are muscle tremors and tonic and clonic 
convulsions. Nervous symptoms and severe 
damage to the liver are outstanding fea- 
tures. Death may result from central nerv- 
ous excitation followed by depression and 
respiratory failure. The usual precautions 
required in handling toxic substances, such 
as the early washing of contaminated skin 
areas with soap and water, the use of gloves 
and protective garments, and the employ- 
ment of suitable types of respirators for pro- 
tection against dust or mist, should be ob- 
served. There has been much discussion 
regarding residuals in foodstuffs following 
spraying with DDT, particularly since this 
substance has been found in milk and in hu- 
man fat (7). Mattson et al. (8) examined 
50 samples of human fat and found from 2 
to 80 parts per million of DDT present in 
this material. The ultimate effect of this 
storage of DDT in the fatty tissuse and its 
effect on other organs, notably the liver (9), 
has received much experimental investiga- 
tion and discussion. The pronounced effect 
of DDT on insect life has of course been a 
matter of especial investigation with partic- 
ular emphasis on tolerance or resistant in- 
sect strains. Vincent and his associates (10) 
have investigated the toxic mechanism of 
DDT, both on higher animals and on in- 
sects, and have been unable to confirm the 
theory of anticholinesterase activity as- 
cribed to this substance. 


Analysis 


While the usual methods employed for the 
determination of chlorinated organic sub- 
stances may be employed for the estimation 
of DDT as an aerial contaminant, it is quite 
possible that in manufacturing establish- 
ments where the operations of DDT manu- 
facture are dusty, the direct determination 
of the dust may be effected by physical 
rather than chemical means. Smith and 
Stohlman estimated DDT by determining 
the total chlorine split off by hydrolysis re- 
sulting from refluxing in absolute alcohol 
with metallic sodium followed by titration 
of the resulting inorganic chloride by the 
Volhard method (11), Schechter and Haller 
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have developed a colorimetric method for 
the determination of DDT based on the 
blue color formed by the tetranitro-p,p’- 
DDT derivative (12). 
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THE DICHLOROETHANES 


The structural relationships of the two 
isomers of dichloroethane (molecular for- 
mula CoH4Cl2) are shown by the condensed 
formulas, CHzCI—CH.Cl, which is 1,2-di- 
chloroethane, or ethylene dichloride and 
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CH3-CHCle, which is 1,1-dichloroethane or 
ethylidene chloride. The first has a boiling 
point of 83.7° C. and is made when ethylene 
reacts with chlorine. The latter has a boiling 
point of 59.2° C. and is prepared by the ac- 
tion of phosphorus pentachloride on acetal- 
dehyde. Since their toxic properties, as well 
as their physical properties, differ, the two 
compounds will be discussed separately. 


1,2-Dichloroethane 


Characteristics 


1,2-Dichloroethane, ethylene dichloride, 
CH.Cl:CH,Cl, with boiling point 83.7° C., 
melting point —35.3°C., density p 20/20 
1.2554, index of refraction n 20/p 1.4443, 
and molecular weight 98.95, is a colorless 
liquid with an odor slightly suggestive of 
chloroform. It is miscible with organic sol- 
vents but is soluble in water only to the ex- 
tent of 0.869 gram in 100 milliliters at 20° C. 
1,2-Dichloroethane has a vapor pressure of 
62 millimeters of mercury at 20°C. and a 
flash point of 15° C. It ignites in open flames 
but does not support combustion. 


Industrial Uses 


1,2-Dichloroethane is an excellent sol- 
vent of moderate boiling point. It is used as 
a solvent for certain synthetic rubbers 
(Thiokols and Buna N), for oils, fats, waxes, 
gum and resins, and as an insecticidal fumi- 
gant. Occupational exposure to 1,2-dichlo- 
roethane occurs among degreasers, dry 
cleaners, dyers, exterminators, fat and oil 
extractors, lacquerers, rubber workers, and 
soap makers. 


Toxicity 

In general, ethylene dichloride, 1 ,2-di- 
chloroethane, has a narcotic action which is 
comparable to that of chloroform or of car- 
bon tetrachloride. It is stated to be less toxic 
than chloroform over short periods of expo- 
sure. However, the fatal dose is less than 
that of chloroform. Exposure to the vapor of 
this substance causes symptoms of irrita- 
tion, salivation, and sneezing. The effect on 
the liver in cases of chronic poisoning has 
been in dispute. Heppel and his associates 
(1) have determined the mortality of ani- 
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mals exposed to various concentrations -of 
1,2-dichloroethane. Frequent reference in 
the literature is made to the strong clouding 
of the cornea which occurs not only as a re- 
sult of inhalation but even after subcutane- 
ous injection. In an investigation of the ef- 
fect of various protective agents on rats 
exposed to 1,2-dichloroethane, Highman 
and his associates (2) found that the mor- 
tality rate and incidence of fatty changes 
due to exposure to this substance were re- 
duced by the administration of methionine, 
cysteine, and other sulfhydryl compounds, 
such as BAL. Hunter (3) cites several cases 
of industrial poisoning following the inhala- 
tion of 1,2-dichloroethane, all of which re- 
covered. However, Brass (4) has reported 
fatal poisoning in the case of two men re- 
pairing a leaking dichloroethane pipe in a 
pit. They were exposed for 30 minutes before 
being removed. Both men died, 30 and 33 
hours later, with anuria, slight jaundice, and 
circulatory failure. Greenburg and Mosko- 
witz (5) found that the maximum ethylene 
dichloride vapor concentration to which any 
worker should be exposed for the average 
working day of 8 hours is 100 parts per mil- 
lion. 


1,1-Dichloroethane 
Characteristics 


1,1-Dichloroethane, ethylidene chloride, 
CH3:CHCls, molecular weight 98.95, den- 
sity D 20/4 1.174, boiling point 59.2° C., melt- 
ing point —96.7° C., and index of refraction 
n 20/D 1.41655, is a colorless, oily, sweet- 
smelling liquid having the odor and taste of 
chloroform. It is prepared by the action of 
phosphorus pentachloride on aldehyde, or 
by treating copper acetylide with concen- 
trated hydrochloric acid. 1,1-Dichloro- 
ethane is soluble in water to the extent of 
5.5 grams per liter at 20° C. : 


Industrial Uses 


1,1-Dichloroethane is a by-product in the 
manufacture of chloral and is used as an 
industrial solvent and as an insecticide. It 
was formerly used as an inhalation anes- 
thetic. 1,1-Dichloroethane is much less used 
in industry than 1,2-dichloroethane. 


Toxicity 

1,1-Dichloroethane has less narcotic ef- 
fect than chloroform. There is, however, 
some danger of chronic poisoning from its 
use. Lazarew (6) considers this substance to 
be more toxic than either chloroform or car- 
bon tetrachloride. While some discussion ex- 
ists regarding the relative toxicities of 1,1- 
dichloroethane and 1,2-dichloroethane, it 
does not appear possible at the present time 
to discriminate between them except on the 
basis noted above. According to Henderson 
and Haggard (7), their distinctive odor and 
irritant properties give warning of their 
presence in relatively safe concentrations. 
A maximum allowable concentration of 100 
parts per million has been suggested for pro- 
longed exposure (8). 


Analysis 


1,1-Dichloroethane yields a brown color 
with concentrated sulfuric acid in the cold 
which differentiates it from 1,2-dichloro- 
ethane. In common with other halogenated 
hydrocarbons, the dichloroethanes present 
as contaminants in air may be revealed by a 
flame impinging on a copper strip. In the 
presence of the halogenated compounds, the 
flame becomes green or blue colored. The ad- 
sorption of the halogenated compounds on 
activated charcoal or silica gel and the sub- 
sequent gain in weight of these substances 
has been advocated as a method of determi- 
nation. In its present form, however, this 
method cannot be recommended as wholly 
satisfactory. Dudley (9) has described a 
portable unit for the thermal decomposition 
and determination of halogenated com- 
pounds in general which is useful for the de- 
termination of the dichloroethanes as aerial 
contaminants. Moran (10) has applied this 
method to the determination of dichloro- 
ethane in blood. 
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DICHLOROETHYLENE 
Characteristics 


sym-Dichloroethylene, 1 ,2-dichloroethy]- 
ene, acetylene dichloride, dioform, 


CHCI—CHCI, 


is a colorless, low-boiling liquid with an 
ethereal, slightly acid odor. The commercial 
product is a mixture of the cis and trans 
forms. The czs-form boils at 60.2° C., melts 
at —80.5° C., has a density of p 15/4 1.291, 
and index of refraction of n 15/p 1.4519; 
while the trans form boils at 48.5° C., melts 
at —50° C., has a density of p 15/4 1.265, 
and index of refraction n 15/p of 1.4490. 
Commercial dichloroethylene boils at about 
55° C. and has a density of about 1.28. Di- 
chloroethylene is insoluble in water but dis- 
solves freely in most organic solvents. It is 
prepared by the action of chlorine on acetyl- 
ene when the latter is present in great excess. 
Industrially, however, it is made by the ab- 
straction of a molecule of chlorine from sym- 
tetrachloroethane by the action of zinc dust. 
It is rather inert chemically and is noncor- 
rosive to metals in the presence of water. 
The removal of hydrochloric acid is effected 
more readily under the action of alcoholic 
potash from the cis form than from the 
trans-isomeride. The hot vapor can be ig- 
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nited but will not continue to burn unless 
heat is supplied. 

1 ,2-Dichloroethylene should not be con- 
fused with 1,1- dichloroethylene, CCl.— 
CH, which is known as vinylidene chloride. 
The vapor toxicity of vinylidene chloride is 
of the same order as that of dichloroethy]- 
ene, the flash point is —10° C., and the ex- 
plosive limit range in air is from 7 to 16 per 
cent at room temperature (1). Vinylidene 
chloride should not be stored or handled in 
the presence of air since the violently explo- 
sive peroxide is formed readily when in con- 
tact with oxygen. Vinylidene chloride. has 
achieved industrial importance because of 
its tendency to polymerize, particularly in 
the presence of benzoyl peroxide. Plasticized 
and stabilized copolymer compositions of 
this material are commercially used under 
the name Saran, which has valuable prop- 
erties because of its combination of chemical 
inertness, strength, and toughness. 


Industrial Uses 


Dichloroethylene is used for organic syn- 
theses but probably finds its greatest appli- 
cation as an industrial solvent. It is used as 
a direct solvent for oils, resins, waxes, gums 
and shellac, and in solvent mixtures for cel- 
lulose esters or ethers. As an insecticide, it 
is much less toxic than ethylene oxide. 
Toxicity 

Dichloroethylene is somewhat irritating to 
mucous surfaces and apparently has a spe- 
cific irritant action on the cornea of animals. 
Opinions vary with reference to its narcotic 
effect, some regarding it as slightly more, 
others as slightly less than that of chloro- 
form. The concentration necessary to pro- 
duce narcosis is about 40 milligrams per liter 
(10,000 parts per million) as given by Witt- 
genstein (2); according to Lehmann (3), 
72 milligrams per liter (18,000 parts per mil- 
lion). The lethal dose likewise is somewhat 
in dispute. Flury and Zernick (4) indicate 
concentrations of 155 to 197 milligrams per 
liter (39,000 to 50,000 parts per million) as 
the lethal concentration for guinea pigs. The 
symptoms of poisoning are those of central 
nervous irritation, as well as narcosis. Rest- 
lessness, twitching, and clonic convulsions 
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have been observed with rapid recovery on 
removal from exposure. Lacrimation fol- 
lowed by corneal opacity invariably follows 
narcosis but clears up completely within a 
day or so following exposure (5). Joachi- 
moglu (6) produced chronic poisoning in 
animals and found fatty degeneration of the 
intestinal mucous membrane in addition to 
loss of weight and the presence of bile pig- 
ment in the urine. Although one case of acute 
poisoning is quoted by Hamilton (7) where a 
man entered a vat containing rubber dis- 
solved in dichloroethylene and was found 
dead the next morning, no chronic industrial 
poisoning has so far been reported. Some 
slight differences in toxicity between the cis 
and trans forms have been found (8); the 
question, however, is largely academic. 


Analysis 


The general methods applicable to the de- 
tection and analysis of chlorinated hydro- 
carbons may be applied to the determina- 
tion of dichloroethylene vapor in air. The 
separation of ethylene dichloride and di- 
chloroethylene in mixtures presents some 
difficulty but a satisfactory procedure has 
been developed by Winteringham (9) which 
depends upon the hydrolysis of the mixed 
chlorides. 


REFERENCES 


1. Reinhardt, R. C.: Handling vinylidene chloride. 
Chem. Eng. News 25: 2136 (1947). 

2. Wittgenstein, H.: Pharmakologishe Untersuch- 
ungen iiber Dichlorithylen als Narkotikum. 
Arch. Exptl. Pathol. Pharmakol. 
(1918). 

3. Lehmann, K. B., and Flury, F.: Toxicology and 
Hygiene of Industrial Solvents. The Williams 
& Wilkins Co., Baltimore, 1943, p. 172. 

4. Flury, F., and Zernik, F.: Schidliche Gase. J. 
Springer, Berlin, 1931, p. 331. 

5. Browning, E.: Toxicity of Industrial Organic 
Solvents. Chem. Publ. Co., New York, 1938, 

6 


83: 236 


p. 166. 

6. Joachimoglu, G.: Wirkung der Narkotica der 
Fettreihe. Biochem. Z. 120: 206 (1921). 

7. Hamilton, A.: Industrial Toxicology. Harper 
Bros., New York, 1935. 

8. Beck, G., and Susstrunk, M.: Versuche iiber 
akute Vergiftungen mit cis- and trans-Dichlo- 
orathylen und Athylenoxid. Arch. Gewerbe- 
pathol. Gewerbehyg. 2: 81 (1931). 

9. Winteringham, F. P. W.: Determination of fumi- 
gants. XII. Determination of ethylene dichlo- 
ride and dichloroethylene. Analysis of mix- 
tures. J. Soc. Chem. Ind. 61: 187 (1942). 


INDUSTRIAL TOXICOLOGY 


DICHLOROETHYL ETHER 


Characteristics 


Dichloroethyl ether, 1-chloro-2- (B-chlo- 
roethoxy) ethane, sym- or £,f’-dichloro- 
ethyl ether, Chlorex, ClCH:,—CH2,—O— 
CH2—CH.Cl, is a colorless liquid having a 
pungent door, very irritant to the eyes, is 
practically insoluble in water (1.01 per cent 
at 20° C.), and is miscible with most organic 
solvents, but immiscible with the paraffin 
hydrocarbons. It boils at 178° C., melts at 
approximately —50°C., has a density p 
25/25 of 1.210 to 1.220, and a refractive in- 
dex n 20/p 1.457. Dichloroethy] ether is pre- 
pared industrially by the chlorination of 
ethyl ether. 


Industrial Uses 


Dichloroethy] ether first recognized as an 
effective, low-cost solvent, is now being used 
in other fields, 7.e., as an insecticide, soil dis- 
infestant, and as a chemical intermediate. 
It is a selective solvent for the naphthenic 
constituents of oils and consequently is 
widely used by the petroleum industry for 
certain extracting and refining processes and 
is also used as an aid in the cleaning of raw 
wool and cloth. As an intermediate, it is used 
in the synthesis of such varied products as 
plasticizers, synthetic rubbers, pharmaceu- 
ticals, and resins. In aqueous solution, it is 
apparently effective as a soil disinfestant 
against Japanese beetle grubs and wire 
worms. This substance has proved so useful 
in the arts and manufactures that publica- 
tion data, although restricted, indicates that 
the volume of production is substantially 
large. 


Toxicity. 


The chief physiological effect produced in 
animals and men by dichloroethyl ether is 
that of irritation. The mucous membranes of 
the respiratory passages and eyes are pre- 
dominantly affected. Schrenk, Patty, and 
Yant (1) determined the acute physiologi- 
cal response of guinea pigs to concentrations 
of vapor of varying amount and found that 
owing to its low volatility, it was impractica- 
ble to attain a higher concentration for ex- 
posure than 0.1 per cent by volume. How- 
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ever, concentrations of from 0.05 to 0.10 per 
cent were dangerous to life in from 30 to 60 
minutes, while concentrations of from 0.01 to 
0.02 per cent were the maximum quantities 
to which animals could be exposed for 1 hour 
without serious disturbances. A concentra- 
tion of 0.0035 per cent by volume produced 
slight symptoms in guinea pigs after expo- 
sure for several hours. In the order of their 
appearance, the symptoms produced were 
nasal irritation, eye irritation, lacrimation, 
respiratory disturbances, dyspnea, gasping, 
and death. The principal gross pathological 
findings were congestion, emphysema, 
edema, and hemorrhage of the lungs. Con- 
centrations of 0.055 and 0.10 per cent of di- 
chloroethyl ether in air produced profuse 
lacrimation in man on brief exposure. Deep 
inhalation was nauseating in effect. A lower 
concentration of 0.0035 per cent of vapor 
has an easily noticeable odor which is, how- 
ever, practically free from irritation. The 
substance therefore possesses definite warn- 
ing properties in concentrations below those 
which are dangerous for exposure periods of 
several hours. 


Analysis 


No method of determination specific for 
dichloroethy] ether as an aerial contaminant 
has so far been proposed. However, this sub- 
stance is readily hydrolyzed and methods 
ordinarily applied to the analysis of organic 
halogen compounds may be adapted to the 
determination of dichloroethy] ether in air. 
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DICHLOROMETHANE 
Characteristics 
Dichloromethane, methylene chloride, 


CH.Clo, is a colorless, volatile liquid boiling 
at 39.8° C., melting at —96.7° C., having a 
density p 20/4 of 1.326 (1). The solubility 
in water is 1.32 gram per 100 grams of water 
at 25° C. Its evaporation rate is 71 in com- 
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parison with that of ether taken as 100. The 
index of refraction n 20/p is 1.4244. At 8° C., 
its vapor pressure is 200 millimeters of mer- 
cury ; at 24.1° C., 400 millimeters of mercury 
(2). The ignition temperature is 642° C. (3), 
but owing to its low order of flammability 
the explosive range has not apparently been 
determined (4). Dichloromethane has wide 
limits of flammability in pure oxygen. These 
are 15.5 per cent for the lower limit and 66.4 
per-cent for the upper limit. Although the 
method usually referred to for the prepara- 
tion of dichloromethane is that of partial 
reduction of the trichloro derivative, chloro- 
form, with zine and hydrochloric acid, or by 
the action of phosphorus pentachloride on 
trioxymethylene, dichloromethane is pre- 
pared technically by the chlorination of 
either methane or methy] chloride. 


Industrial Uses 


The manufacture of dichloromethane in 
the United States has increased considerably 
and was more than tripled between 1941 and 
1946. In the latter year, the production in 
this country amounted to 13,987,000 pounds. 
Dichloromethane is used as a refrigerant in 
air conditioning. In common with many 
other halogenated hydrocarbons, it has 
value as a solvent and is used for this pur- 
pose for oils, fats and waxes, bitumens, cel- 
lulose acetate, and many other organic sub- 
stances. It is particularly suited for low 
temperature extraction of materials, such as 
essential oils and edible fats, which are ad- 
versely affected by higher temperatures. It 
has excellent oil dewaxing properties but, up 
to the present, has not found extensive use 
in this field because of its relatively high 
cost. It is a highly efficient paint remover 
and is particularly valuable for this purpose 
because of its nonflammability (1). 


Toxicity 

Dichloromethane appears to be one of the 
least toxic of the chloromethane derivatives. 
According to Lehmann and Flury, as quoted 
by Henderson and Haggard (5), the com- 
parative toxicity of dichloromethane with 
carbon tetrachloride taken as 1, is 0.11. 
While dichloromethane: has a somewhat 
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more pronounced irritant effect than chloro- 
form, it is a weaker narcotic agent. It had a 
slight vogue as a general anesthetic and later 
as an induction anesthetic in Germany under 
the name “solaesthin”. According to Hell- 

wig (6), however, excitation is pronounced 
and is followed by stertorous breathing, cy- 
anosis, dilated pupils, and a rapid, weak 
pulse. The relative toxicity on inhalation was 
determined by Lazarew to be 0.45 for di- 

chloromethane assuming the toxicity of 
chloroform to be 1 (7). Heppel and his asso- 

ciates (8) found that repeated 7-hour expo- 

sures, 5 days a week for 6 months, to 17 
milligrams per liter (5,000 parts per million) 

were tolerated by rats, rabbits, and dogs 
with no evidence of damage and, except in 
guinea pigs, with no adverse effect on 
growth. However, a concentration of 5,000 
parts per million of dichloromethane in air 
causes a great diminution in the running ac- 

tivity of young male rats as measured in a 
standard type of revolving drum (9). Ac- 
cording to Lehmann and Flury (10), di- 
chloromethane is one of the most harmless 
representatives of the chlorinated hydrocar- 
bon series. A case has been recently reported, 
however, in which, in a plant engaged in the 
manufacture of hop extract for brewing, four 
men were rendered unconscious by the vapor 
of dichloromethane used in the process. One 
of thé men died from the exposure (11). 
Moskowitz and Shapiro (12) report four 
cases, with one death, of men exposed to the 
vapor of methylene chloride. 


Analysis 


Various methods applicable to the analy- 
sis of halogenated hydrocarbons may be 
applied to the determination of the concen- 
tration of dichloromethane in air. Since di- 
chloromethane hydrolyzes with water or 
with a very weak alkali, such as lead hy- 
droxide, to formaldehyde and inorganic 
chloride, a method based upon determina- 
tion of either of these substances should be 
applicable to detection or estimation of the 


atmospheric concentration of dichlorometh- 
ane. 
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2 ,4-DICHLOROPHENOXYACETIC 
ACID 


Characteristics and Industrial Uses 


2,4-Dichlorophenoxyacetic acid, known 
as 2,4-D, has come into extensive use within 
the past 9 years as a plant hormone which 
kills common lawn weeds, such as dandelion, 
morning glory, thistle, and burdock, without 
harming: ordinary grass. It is reported te 
hasten the ripening of fruit and has been 
used in orchards to prevent the premature 
dropping of apples. This substance is pre- 
pared commercially by causing chloroacetic 
acid and 2,4-dichlorophenol to react in 
aqueous alkali or by the direct chlorination 
of phenoxyacetic acid. Since 2,4-D isa plant 
hormone, it acts as a plant-growth regulator 
rather than as a contact poison. In its action 
on leafy plants, it appears to be absorbed 
primarily into the epidermal cells, from 
which it is translocated to various parts of 
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the plant. 2,4-D induces rapid hydrolysis of 
starch to sugar and increased respiration 
(1). The killing of plant tissues is usually a 
slow process and the killing time may re- 
quire 2 weeks or even longer. Young vigorous 
plants are quickly affected and the most effi- 
cient herbicidal action occurs when plants 
are treated in a state of active vegetative 
growth. Since 2,4-D is not very soluble in 
water or oil, water-soluble salts or oil-solu- 
ble esters prepared in the form of emulsions 
or dry dust mixtures are used. Water-solu- 
ble salt dusts of 2,4-D have been used ex- 
tensively in rice and sugar cane fields with 
uniform weed control. During 1945, the first 
year in which production figures are given 
for 2,4-dichlorophenoxyacetic acid, 917,000 
pounds were prepared in the United States. 


Annual production had increased to 
30,184,000 pounds by 1954. 
Toxicity 


Owing to the phenomenal effects of 2,4- 
dichlorophenoxyacetic acid on weed eradi- 
cation and the consequent commercial de- 
velopment of this substance as a weed killer, 
knowledge of its toxicity is important. 
Workers are exposed to the dust of the so- 
dium or ammonium salts of 2,4-D and to 
the mist from tributyl] phosphate-Diesel oil 
emulsions in applying this weed eradicator. 
Further, an important factor in the use of 
this material is related to residual 2,4-D on 
plants intended for human or animal con- 
sumption. Hill and Carlisle (2) found the 
LD; 9 dose in milligrams per kilogram of 
2,4-D by mouth was 375 for mice, 666 for 
rats, 800 for rabbits and 1000 for guinea 
pigs. Rats were fed up to 1/10 per cent by 
weight of their diet over a period of 1 month 
without any harmful effects. Guinea pigs 
tolerated 1 gram of the material adminis- 
tered in divided doses of 100 milligrams over 
a period of 12 days. The experimental work 
indicated that the mist or clouds of the dry 
dust of the sodium salt were relatively non- 
toxic. Mitchell and his associates (3) have 
shown that no harmful effects on the health 
or performance of farm animals resulted 
from the consumption of pasture grass lib- 
erally sprayed with 2,4-D. The 2,4-D was 
not found to be secreted into the milk nor 
was it found in the blood serum of a calf fed 


219 


milk from the cow that received it in her ra- 
tion. According to experiments conducted by 
the U. S. Department of Agriculture, one 
cow received a special dose of about /% of an 
ounce of 2,4-D daily. Blood samples showed 
its presence in her circulation but it did not 
appear in her milk. Mitchell quotes the ex- 
perimental work of Kraus concerning the 
ingestion of 500 milligrams of purified 2,4-D 
per day by a man over a period of 21 days 
without ill effect. However, the possible pres- 
ence of poisonous impurities in commercial 
preparations of 2,4-D should be considered. 


Analysis 


Methods for the determination of 2,4-di- 
chlorophenoxyacetic acid have been devel- 
oped by Rooney (4). These consist essen- 
tially in titration of the acid group or, in the 
case of 2,4-D salts and esters, the conver- 
sion to the free acid followed by separation 
and titration in alcoholic solution. In the 
absence of other chlorine compounds, oxi- 
dation in a Parr bomb may be used, followed 
by determination of the total chloride. An 
extremely sensitive colorimetric test for 
2,4-dichlorophenoxyacetic acid, or its cor- 
responding salts, consists in gently warming 
the material with concentrated sulfuric acid 
and 1,8-dihydroxynaphthalene 3,6-disul- 
fonic acid (chromotropic acid) (5). As little 
as 0.05 microgram of 2,4-D per milliliter can 
be detected by this test. 


REFERENCES 


1. Southwick, L.: Chemical weed killers. Chem. 
Ind. 60: 786 (1947). 

2. Hill, E. V., and Carlisle, H.: Toxicity of 2,4-di- 
chlorophenoxyacetic acid for experimental ani- 
mals. J. Ind. Hyg. Toxicol. 29: 85 (1947). 

3. Mitchell, J. W., Hodgson, R. E., and Gaetjens, 
C. F.: Tolerance of farm animals to feed con- 
taining 2,4-dichlorophenoxyacetic acid. J. Ani- 
mal Sci. 6: 226 (1946). 

4. Rooney, H. A.: Determination of 2,4-dichloro- 
phenoxyacetic acid and its compounds in com- 
mercial herbicides. Ind. Eng. Chem., Anal. Ed. 
19: 475 (1947). 

5. Freed, V. H.: Qualitative reaction for 2,4-di- 
chlorophenoxyacetic acid. Science 107: 98 
(1948). 


1,2-DICHLOROPROPANE 
Characteristics 


1,2-Dichloropropane, propylene dichlo- 
ride, CH;CHCICH,Cl, is a colorless liquid 
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with a chloroform-like odor. It has a density 
p 20/20 of 1.1583, a boiling point of 96.3° C., 
a freezing point > —70° C., refractive index 
1.4340 at 20° C., vapor pressure of 40 milli- 
meters of mercury at 20° C., and a flash point 
of 21° C. Dichloropropane is nearly insolu- 
ble in water in which it dissolves only to the 
extent of 0.26 volume per cent. However, it 
is miscible with most of the common organic 
solvents. It is prepared by the action of chlo- 
rine on propylene. 


Industrial Uses 


Its low water solubility and excellent sol- 
vent power for fats, waxes, oils, and grease 
have made dichloropropane an important 
commercial solvent. It is used as a solvent in 
vapor degreasing machines’ for cleaning 
metal objects and is also employed in the 
synthesis of certain pharmaceuticals, plasti- 
cizers, and insecticides. The synthetic rub- 
ber known as Buna N dissolves in dichloro- 
propane and this material was used in the 
manufacture of self-sealing gasoline tanks 
during the war. It has been suggested as an 
insecticidal fumigant by Hutson (1) and 
apparently behaves in a manner similar to 
ethylene dichloride, although it has a much 
higher boiling point. 


Toxicity 


The toxicity of dichloropropane has been 
investigated by Heppel and his associates 
(2), who exposed various species of animals 
simultaneously to known concentrations of 
this substance. Many deaths occurred among 
rats, guinea pigs, and rabbits receiving less 
than eight exposures to 2,200 parts per mil- 
lion of the gas. At a concentration of 1,000 
parts per million, deaths occurred among 
dogs after 24 exposures, among guinea pigs 
after 22 exposures, and among rats after as 
few as seven exposures. Animals often 
showed marked visceral congestion, fatty 
degeneration of the liver kidney, and, less 
frequently, the heart, and areas of coagula- 
tion necrosis in the liver. According to these 
investigators, 1,2-dichloropropane is one of 
the toxic substances to which intermittently 
exposed laboratory animals may develop 
increased resistance. The first few exposures 
cause marked narcosis, whereas subsequent 
exposures have no apparent narcotic effect 
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on the animals. This increasing resistance 
is shown in the pathological picture, for le- 
sions occurring during a series of daily ex- 
posures are similar to those following a sin- 
gle exposure and such lesions apparently 
undergo rapid resolution despite continua- 
tion of daily exposures. Hematological stud- 
ies of exposed dogs and rabbits revealed no 
abnormalities. These data, in general, indi- 
cate that dichloropropane is one of the more 
toxic of the chlorinated hydrocarbons. The 
order of increasing lethal action of several 
hydrocarbons against rats was found as fol- 
lows: dichloromethane, trichloroethylene, 
carbon tetrachloride, dichloropropane, and 
dichloroethane. However, Greenburg and 
Moskowitz (3), on assigning maximum per- 
missible concentration values for prolonged 
exposure to solvents used with synthetic 
rubbers, have suggested 75 parts per million 
for carbon tetrachloride and 100 parts per 
million for both ethylene dichloride and 
propylene dichloride. 


Analysis 


The concentration of dichloropropylene in 
air may be measured by the combustion 
method of general application to the halo- 
genated hydrocarbons and may be detected 
by means of a flame detector. It may also be 
estimated by the general method for the 
evaluation of solvent vapor content of air by 
adsorption on air-equilibrated activated 
charcoal or on silica gel. 
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DIETHYLENE GLYCOL MONOETHYL 
ETHER AND RELATED 
SUBSTANCES 


Characteristics 


_Diethylene glycol monoethyl ether, car- 
bitol, ethyl polyglycol, ethyl diethylene 


CARBON COMPOUNDS 


glycol, HOCH:2CH,0CH.2CH20C2H,, is a 
colorless, stable, slightly viscous, hygro- 
scopic liquid having a mild pleasant odor. 
It has a boiling point of 196 to 198° C., 
density Dp 20/20 1.023, and an index of re- 
fraction n 20/p of 1.4298. It has a freezing 
point of less than —76° C. and a flash point 
of 99° C. It is miscible with water and with 
the common organic solvents and has a 
sweetish taste followed by a bitter after- 
taste. When heated at 100° C. with concen- 
trated hydriodic acid, it yields iodine and 
isopropy] iodide (boiling point 93° C.). The 
vapor pressure of diethylene glycol mono- 
ethyl ether at 20° C. is 0.22 millimeter of 
mercury. Various esters of diethylene glycol 
monoethyl ether are commercially impor- 
tant and have the trade names and charac- 
teristics given in Table 6. 


Industrial Uses 


Carbitol is used in industry as a solvent 
for nitrocellulose, resins, and dyes. It has 
application in the preparation of nonaque- 
ous stains for wood and also in the textile 
industry, where it is used for setting the 
twist and conditioning yarns and cloth. It 
is a mutual solvent for mineral oil soap and 
mineral oil-sulfonated oil mixtures. Many 
so-called vanishing creams, lotions, and 
other cosmetic preparations contain this sub- 
stance as a base and it is also used to some 
extent in dermatological formulas. Certain 
carbitol esters, such as the diethylene gycol 
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monoethyl ether acetate, citrate, laurate, 
phthalate, and ricinoleate, are used as placti- 
cizers in the plastics industry and as solvents 
for gums and resins. Diethylene glycol mon- 
oethyl ether stearate, which is a cream- 
colored paste, has waxy properties which 
make it useful in the polish and textile in- 
dustries and to some extent in the cosmetic 
industry. 


Toxicity 


The acute toxicity of carbitol has recently 
been established by Hanzlik and his associ- 
ates (1) on the basis of various modes of ad- 
ministration at about 6 cubic centimeters 
per kilogram in rats and mice. To other ani- 
mals, the LDs50 dose given intravenously 
was somewhat less. Symptoms were, in gen- 
eral, not demonstrable until more than 1 
cubic centimeter per kilogram of diethylene 
glycol monoethy] ether was administered by 
any route, including intravenous injection. 
The intravenous introduction of this sub- 
stance caused an immediate fall in blood 
pressure, slowing of the heart, and decrease 
in kidney volume, which later was followed 
by a moderately lasting increase. Respira- 
tion was invariably depressed. Sympto- 
matically, the acute toxicity of carbitol is 
characterized by central nervous depres- 
sion, followed by coma and death. The cause 
of death in acute poisoning may be respira- 
tory or circulatory failure or both. Circula- 
tory depression is marked following rapid 


TABLE 6 
H " * . “1 
Compound Trade Name Form and Color ate 3h boswre rs mere Pe ee 
Diethylene glycol mon- | Carbitol Colorless liquid 217.7 —25 1.0144 | Soluble 
oethy] ether acetate acetate 
Diethylene glycol mon- | Carbitol Yellow liquid —16 1.28 Soluble 
oethy! ether citrate citrate 
Diethylene glycol mon- | Carbitol Orange semi- 19-20 0.94 Insoluble 
oethy] ether laurate laurate solid 
Diethylene glycol mon- | Carbitol Pale yellow 235-255 —15 1.121 | Slightly 
oethyletherphthalate| phthalate liquid at 4 mm. soluble 
of Hg 
Diethylene glycol mon- | Carbitol ri- Light amber —50 0.96 Insoluble 
oether ricinoleate cinoleate liquid 
Diethylene glycol mon- | Carbitol Cream colored; 52-53 | 0.91 Insoluble 
oethyl ether stear- stearate semi-solid 
ate 
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intravenous injection, but respiratory de- 
pression is outstanding under all conditions. 
The acute toxicity of diethylene glycol 
monoethy] ether was found to be of the same 
order, but somewhat less than either dioxan 
or ethylene glycol monoethy] ether, by Laug 
and his associates (2). Smyth, Seaton, and 
Fischer (3), in an extended study of the tox- 
icity of glycols and their derivatives, found 
the LDs5) toxicity of diethylene glycoli 
monoethyl ether, when administered by 
mouth in single doses, to be somewhat 
greater than that found by Laug and his as- 
sociates. Hanzlik and his associates (4) have 
established the noninjuriousness of diethyl- 
ene glycol monoethy] ether for, according to 
their results, continued drinking in medium 
or low concentrations (1 per cent or less in 
water) by rats, or eating of high concentra- 
tions (5 per cent in food) by mice for nearly 
two-thirds the life-span of the majority of 
these animals resulted in slight, negligible, 
or no impairment of general health. They 
state that the systemic injuriousness of 
technical carbitol (carbitol solvent) is 
largely due to ethylene glycol rather than 
the diethylene glycol monoethy] ether. In a 
further study of diethylene glycol mono- 
ethyl ether, Hanzlik and his associates (5) 
have found that single large doses of this 
substance applied epidermally to rabbits 
caused acute toxicity and early death. The 
acute LDs09 was about 8.5 milliliters per 
kilogram of body weight. Similar applica- 
tions of other members of the ethylene 
series, as such, or in mixtures caused death 
or ill health resembling the chronic intoxica- 
tion following ingestion. 
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DIETHYL ETHER 
Characteristics 


Diethyl ether or diethyl oxide, com- 
monly called ethyl or sulfuric ether, 
CH;—CH:—O—CH.—CH,s, is a very light, 
transparent, colorless, volatile, exceeding 
inflammable, mobile liquid having a pleas- 
ant characteristic odor and a burning taste. 
It boils at 34.60° C., melts at —116.3° C., 
has a density p 15/4 of 0.71925, and an in- 
dex of refraction of n 20/p 1.3526. Its flash 
point is —41° C. Diethyl ether can be pro- 
duced from ethanol by distillation with sul- 
furic acid (the method first discovered by 
Valerius Cordus in 1540) or by dehydration 
of ethanol in the presence of aluminum ox- 
ide or sulfate catalysts at high pressure and 
at temperatures of 240 to 260° C. On stand- 
ing in contact with air, diethyl ether becomes 
partly oxidized to a nonvolatile peroxide 
which is left as a residue on evaporation of 
the solvent and which may explode violently 
if the distillation is carried out to dryness 
with overheating. Contact with iron wire in- 
hibits this peroxide formation on standing. 
At room temperature, water dissolves 7.5 
per cent of its volume of ether and ether dis- 
solves 1 to 1.5 per cent of its volume of wa- 
ter. Ether is freely soluble in the ordinary 
organic solvents. When refluxed with hy- 
driodic acid, diethyl ether yields ethy] iodide 
(boiling point 72°C.) and when refluxed 
with 3, 5-dinitrobenzoy] chloride in the pres- 
ence of zine chloride, it yields ethyl 3,5-di- 
nitrobenzoate (melting point 93° C.). 


Industrial Uses 


Diethyl ether has long been used as an in- 
halation anesthetic in medicine. It has, 
however, important industrial uses as a low 
boiling solvent for fats, oils, and waxes, in 
the manufacture of nitrocellulose materials, 
and photographic films, as well as for many 
minor industrial operations. The industrial 
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production of ethyl ether in the United 
States in 1945 amounted to 76,598,000 
pounds. In that year, 54.4 per cent was al- 
located for use in the manufacture of explo- 
sives, 12.1 per cent for rubber manufacture, 
and 8.5 per cent for the manufacture of basic 
medicinals. Production in 1954 amounted to 
56,000,000 pounds. 


Toxicity 

The narcotic properties of ether are well 
known from its use in medicine an an in- 
halation anesthetic. Ether vapor has an ir- 
ritating effect on the skin and mucous sur- 
faces to some extent but, in general, ether is 
less injurious than chloroform inasmuch as 
its effects are more transitory. The flow of 
mucus is increased and pneumonia occasion- 
ally follows ether anesthesia. Because of the 
solubility of ether in water, absorption 
through the lungs occurs with some rapid- 
ity. Long-continued inhalation of ether in 
sufficient concentrations causes death from 
respiratory paralysis. However, recovery 
following removal from exposure to non- 
lethal concentrations is rapid and there are 
no apparent cumulative or after effects. In 
certain industries where ether is used, as in 
the manufacture of smokeless powder from 
nitrocellulose, chronic effects of exposure to 
ether vapor have been noted. The symptoms 
noted are loss of appetite, exhaustion, head- 
aches, sleepiness, dizziness, and psychic dis- 
turbances. However, there have been few re- 
ports of ill effects in anesthetists exposed 
daily to ether vapor in concentrations below 
those producing intoxication (1). It has been 
stated, furthermore, that some tolerance is 
built up on repeated exposure to ether vapor 
similar to the tolerance developed with al- 
cohol. 


Analysis 


No very satisfactory specific method for 
the determination of small amounts of di- 
ethyl ether as an aerial contaminant has 
been devised. It is suggested that in the ab- 
sence of other organic vapors, adsorption on 
activated charcoal or on silica gel could be 
usefully employed for the determination of 


ether. 


223 


REFERENCES 


1. Henderson, Y., and Haggard, H. W.: Noxi 
Servg Reinhold Publ. Corp., New York, 1943, 
p. 194. 


DI(2-ETHYLHEXYL) PHTHALATE 
Characteristics 


Di(2-ethylhexy]) phthalate, 
CeHs(COOCsH17) 2 
commercially known as Flexol plasticizer 
DOP, has a specific gravity of 0.986 at 20° 
C., an index of refraction of 1.484 at 25° C., 
and a vapor pressure of 0.07 millimeter of 
mercury at 150° C. It is a light colored 
fluid which boils at 229° C. under a pres- 
sure of 5 millimeters of mercury, melts at 
< —55° C., has a flash point of 218° C., 
and is practically insoluble in water, but is 

miscible with most organic solvents. 


Industrial Uses 


Di(2-ethylhexyl) phthalate, often called 
dioctyl phthalate, is the plasticizer most 
commonly used with hard viny] chloride res- 
ins to convert them into useful materials 
with elastomeric characteristics. Di(2-eth- 
ylhexyl) phthalate is used for general pur- 
pose plasticization and among other things, 
improves the stiffness (versus temperature) 
characteristics of vinyl chloride. Copoly- 
mers of vinyl chloride and vinylidene chlo- 
ride, dissolved in methyl ethyl ketone and 
plasticized with di(2-ethylhexylphthalate, 
are used for molding, extruding, solution 
coating, impregnating, and film casting (1). 
Di(2-ethylhexyl) phthalate is used in the 
production of cable coating compositions 
and flexible films from various synthetic 
resins. Production of di(2-ethylhexyl)- 
phthalate in the United States in 1953 
amounted to 54,067,000 pounds. 


Toxicity 

Shaffer, Carpenter and Smyth (2) have 
investigated the health hazards involved in 
the use of di(2-ethylhexy]) phthalate by sin- 
gle dose oral administration, intraperitoneal 
injection, and inhalation of mist by animals. 
Since the LDs5o dose (30.7 grams per kilo- 
gram) for rats by intraperitoneal adminis- 
tration was the same as that of oral doses, 
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it appears that absorption of the ester from 
the digestive tract was no more complete 
than from the peritoneal cavity. A compari- 
son of the fatal effects upon rats in an ex- 
tremely severe exposure to the mist of di(2- 
ethylhexy]) phthalate shows that the health 
hazards are no greater than those of some 
other plasticizers in current use without in- 
jury to workmen. Since a dosage of 0.4 gram 
per kilogram per day for 90 days caused no 
injury to rats beyond somewhat retarded 
growth, while a dosage of 0.2 gram per kilo- 
gram per day caused no injury whatsoever, 
it may be inferred that di(2-ethylhexyl) - 
phthalate does not possess any great cumu- 
lative action. When the plasticizer was ap- 
plied in the form of patch tests to human 
skin no erythema or other reaction resulted 
from either the first or second (sensitiza- 
tion) test. Two men swallowed single doses 
of 10 grams and 5 grams, respectively. In 
the former case, this ingestion was accom- 
panied by mild gastric disturbances and 
moderate catharsis, while in the latter in- 
stance no symptoms were noted. In each 
case, phthalate equivalent to approximately 
4.5 per cent of the dose was recovered from 
the urine in the succeeding 24 hours. The 
above investigators concluded that di(2-eth- 
ylhexyl) phthalate is a chemical substance 
of low toxicity and that the health hazards 
involved in its use as a plasticizer are slight. 
In 1953 Carpenter and his associates (3) 
investigated the chronic oral toxicity of di- 
(2-ethylhexyl) phthalate over long periods 
of time and found that rats can tolerate 
somewhat higher levels than guinea pigs and 
dogs. The 2-year “no effect” level for rats 
lies between 0.06 and 0.20 gram per kilogram 
per day. The 1-year “no effect” for guinea 
pigs is close to 0.06 gram per kilogram per 
day; for dogs it approximates 0.06 milliliter 
per kilogram per day. As a result of this 
study they feel that “it is reasonable to pre- 
sume that wide species differences will not 
be encountered with this plasticizer and that 
the tolerated level of human intake occur- 
ring during industrial handling or resulting 
from contact of food with packaging ma- 
terials will not be widely different”. Hodge 
and his associates (4) have recently com- 
pleted further experimental work with refer- 
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ence to the chronic oral toxicity of di(2-eth-- 
ylhexyl) phthalate. When this substance was: 
fed to rats for two years in amounts of 0.1 
per cent or less of the diet no detectable ef- 
fect was observed. Mild toxic changes oc- 
curred when a dog was given 5 grams per 
kilogram daily for 3 months, but no specific 
histological changes were found in rats. 
maintained on diets containing 0.5 per cent. 
Hodge concludes that no serious health haz- 
ard would be experienced by workers hand- 
ling this plasticizer and that the minute 
traces taken up by nonfatty foods packaged. 
in plastics in which di(2-ethylhexy]) phthal- 
ate is the plasticizer would be without hy- 
gienic significance. No maximum allowable 
concentration value has apparently been es- 
tablished for di(2-ethylhexyl) phthalate. 


Analysis 


The fluorescein reaction provides a con- 
venient method for the estimation of phthal- 
ate ester vapor in air (cf. Dibuty] Phthal- 
ate). 
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DIMETHYLANILINE 


Characteristics 


Dimethylaniline, dimethylphenylamine, 
CeHsN(CHs)s, is a yellowish to brownish 
oily liquid having a boiling point of 192.5° 
C., a melting point of 2.5° C., specific grav- 
ity D 20/4 0.956, an index of refraction n 
20/pD 1.5582, and a flash point of 61° C. Di- 
methylaniline is insoluble in water but dis- 
solves freely in alcohol, chloroform, or ether. 
It is made by heating aniline with methanol 
and sulfuric acid at a temperature of 230 to 
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235° C. and a pressure of 25 to 30 atmos- 
pheres with subsequent treatment with so- 
dium hydroxide. Dimethylaniline is also 
formed on heating bromo- or iodo-benzene 
with dimethylamine at 250 to 260° C. Di- 
methylaniline, in contradistinction with ani- 
line, gives no color with hypochlorites. 


Industrial Uses 


The production of dimethylaniline which 
increased to 18,842,000 pounds in 1942 
dropped to 7,041,000 pounds by 1945. Pro- 
duction in the United States in 1954 was 
7,017,000 pounds. Early in World War II, it 
was useful in the synthesis of tetryl, trinitro- 
phenylmethylnitramine. Dimethylaniline is 
used in other organic syntheses and is espe- 
cially useful for condensation reactions. 
With phosgene, it yields tetramethyldia- 
minobenzophenone (Michler’s ketone) and 
with benzotrichloride, it gives malachite 
green. It is used in the manufacture of vanil- 
lin, methyl violet and other dyes, and as an 
aid in methylation. Dimethylaniline is a use- 
ful analytical reagent for the detection of hy- 
drogen peroxide, hydrogen sulfide, nickel, 
and nitrites. 


Toxicity 


Dimethylaniline has, in general, the same 
physiological effects as aniline itself. It has 
a depressing effect on the nervous system 
and following oral or subcutaneous admin- 
istration in amounts of 1.2 to 2.5 grams per 
kilogram of body weight in guinea pigs 
causes weakness, tremors, tonic and clonic 
convulsions, slowing of the respiration, and 
finally death, which is due to respiratory 
paralysis (1). Watrous (2), in a study of the 
health hazards of the pharmaceutical indus- 
try, found that the hazard when dimethyl- 
aniline is used as a solvent in the synthesis 
of aminopyridine can hardly be overexag- 
gerated. The danger to untrained workers 
consists of disregarding the presence of small 
splashes of the oil on their shoes, clothes, or 
gloves. For trained workers using properly- 
ventilated equipment, the hazard consists 
chiefly of accidents in the machinery, with 
sudden massive exposure to the oil or its va- 
por. Marked methemoglobinemia was found 
in several cases in this industry. The princi- 
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pal industrial hazard found in the United 
States occurs in connection with the sulfa- 
tion of dimethylaniline which was an impor- 
tant operation early in World War II. This 
process resulted in exposure to the vapor of 
dimethylaniline (3). Enclosure of the sul- 
fation process was recommended and the 
maximum allowable concentration of di- 
methylaniline vapor was set at 5 parts per 
million by the Industrial Hygiene Division 
of the U. 8. Public Health Service. In view 
of its pronounced toxicity, therefore, expo- 
sure to dimethylaniline vapor should be so 
rigidly controlled in industrial processes that 
it is minimal. 

Analysis 


Since dimethylaniline reacts with nitrous 
acid to yield p-nitrosodimethylaniline which 
is yellow in color, this procedure may be used 
for its colorimetric estimation. For this pur- 
pose, a set of standards may be prepared and 
the depth of color used as a basis of quanti- 
tative estimation. Haslam and Hearn have 
used a modification of this procedure for the 
determination of dimethylaniline in mix- 
tures of aniline, methylaniline, and dimeth- 
ylaniline (4). 
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DIMETHYLNITROSAMINE 
Characteristics 
Dimethylnitrosamine, nitrosodimethyl- 
CHa 
amine, N-NO, is a yellow liquid 
CH,” 


having a density of p 20/4 1.006, a boiling 
point of 153° C. per 774 millimeters and an 
index of refraction of n 20/p 1.4364. It is 
obtained by the addition of very dilute ace- 
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tic acid and sodium nitrite to a solution of 
dimethylamine hydrochloride. The dimeth- 
ylnitrosamine separates as a yellowish, oily 
liquid which is volatile with steam and may 
thus be separated. When reduced in alco- 
holic solution by means of zinc dust and 
acetic acid it is converted to dimethylhy- 
drazine. 


Uses 


Dimethylnitrosamine is an intermediate 
used in synthetic reactions and is used in- 
dustrially in the manufacture of dimethyl- 
hydrazine. 


Toxicity 

According to O’Leary and his associates 
(1) dimethylnitrosamine causes illness in 
workers exposed to it. Experimental work 
with animals has indicated that this sub- 
stance causes liver damage. In mice the LDso 
was found to be 16.5 milligrams per kilo- 
gram of body weight when administered 
either intravenously or intraperitoneally. 
With rabbits the LD;5) was lower and more 
irregular. Toxic doses in mice, rabbits, and 
dogs caused no immediate outward signs, 
but lethargy, coma, and death occurred after 
12 hours to 4 days. The predominating 
changes found on postmortem examination 
were bloody ascites, fluid in the chest, and 
enlarged or discolored livers. However no 
significant changes were noted in animals 
that had survived acute dosages. 


Analysis 


No specific method has been developed for 
the determination of dimethylnitrosamine 
as an atmospheric contaminant. A suggested 
procedure is based on the nitrosamine test of 
Liebermann. When phenol is added to ni- 
trosamine followed by sulfuric acid a dark- 
green solution is obtained that turns red 
when diluted with about 10 volumes of wa- 
ter. If this solution is then made alkaline, a 
very deep blue solution is obtained. 
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DIMETHYL SULFATE 
Characteristics 


Dimethyl] sulfate, (CH) 2SO., is a color- 
less, oily liquid, boiling at 188° C. and hav- 
ing a specific gravity of 1.3516. It solidifies 
at —27° C. and has an index of refraction of 
n 20/p 1.3874. Dimethyl] sulfate is almost 
insoluble in water but undergoes hydrolysis 
in contact with it. It is miscible with alcohol 
and ether. The vapor of dimethy] sulfate is 
4.4 times heavier than air and has a faint 
odor of onions. At ordinary temperature 
(20° C.), its volatility is low and amounts 
to only 3.3 milligrams per liter. The vapor 
is readily decomposed by moist air yielding 
methyl alcohol and sulfuric acid. The ester is 
conveniently prepared by the interaction of 
methyl alcohol and chlorosulfonic acid with 
distillation under reduced pressure. 


Industrial Uses 


Dimethyl! sulfate is a methylating agent 
used in the manufacture of many organic 
chemicals, such as methy] ethers, esters, and 
amines. During World War I, this substance 
was used as a war gas, first by the Germans 
in August 1915 under the name “D-Stoff” 
and later by the French (in September, 
1918) as “Rationite” in artillery shells and 
hand grenades. Apart from its manufacture 
in the chemical industry, dimethyl sulfate 
is specifically used in perfume, dye, and 
color manufacture. 


Toxicity 

Dimethy] sulfate has long been recognized 
as a distinctly poisonous substance. It is not 
only a severe systemic poison following oral 
administration exhibiting pronounced ef- 
fects on the central nervous system (somno- 
lence, convulsions, delirium, coma, paraly- 
sis), and a powerful irritant following inha- 
lation, but the liquid causes immediate 
symptoms of irritation following skin con- 
tact. The lesions produced by splashes of the 
liquid on the skin vary with the duration of 
contact and much resemble sulfuric acid 
burns, except that the burns require a longer 
time to heal. The eyes are painfully affected 
following exposure to dimethyl sulfate, as 
the substance is a powerful lacrimator. It is 
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generally assumed that dimethy] sulfate ex- 
erts its toxic action due to its local hydroly- 
sis to methanol and sulfuric acid at the cell 
site. This probably explains its pronounced 
toxic action following inhalation. However, 
certain toxic manifestations of the substance 
have been attributed to the molecular sub- 
stance itself rather than to its hydrolytic 
products. Working with dimethyl sulfate is 
particularly hazardous because of the ab- 
sence of any warning sign, such as odor, and 
also due to the latent period without symp- 
toms. The onset of clinical symptoms may 
be delayed as long as several hours. In this 
respect, the action of dimethyl] sulfate is 
comparable to that of phosgene. In fact, con- 
tinuous chronic intake of small sublethal 
doses results in a cachectic condition similar 
to that of phosgene poisoning. Merkelbach 
(1) differentiates clinically the following 
changes: a) local necrotizing corrosions, b) 
corrosion of the air passages by vapors, and 
c) toxic impairment of kidneys, liver, and 
focal areas of fatty degeneration in the myo- 
cardium. Numerous cases (2, 3, 4, 5) of di- 
methyl sulfate injury have occurred in in- 
dustry, several of which terminated fatally. 
Littler and McConnell (6) have reported 
two cases of dimethyl sulfate poisoning and 
stress the value of oxygen and antibiotics in 
its treatment. 


Analysis 


The determination of small amounts of 
dimethyl sulfate vapor in air may be made 
by absorption in alcoholic potassium hy- 
droxide solution, completing the hydrolysis 
and precipitating the sulfate as barium sul- 
fate. A turbidimetric or nephelometric pro- 
cedure based on barium sulfate may also be 
used for very small amounts. 
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DINITROBENZENE 
Characteristics 


Dinitrobenzene, CgH4(NOz)2, is a solid 
at ordinary temperatures and in the pure 
state forms colorless crystals. The introduc- 
tion of a second nitro-group into nitroben- 
zene mf&y yield three isomers, o-, m-, and 
p-dinitrobenzene. o-Dinitrobenzene, 1 ,2-di- 
nitrobenzene, boils at 319°C., melts at 
117.9° C., and has a density of 1.546. m-Di- 
nitrobenzene, 1,3-dinitrobenzene, boils at 
302.8° C., melts at 89.9° C., and has a den- 
sity of 1.546. p-Dinitrobenzene, 1 ,4-dinitro- 
benzene, boils at 299° C., melts at 172°C., 
and has a density of 1.587. Of the three iso- 
mers, m-dinitrobenzene only is of commer- 
cial importance. The m-dinitrobenzene is 
but slightly soluble in cold water, more solu- 
ble in boiling water, soluble in alcohol, chlo- 
roform, and ethyl acetate, and soluble in 
benzene to the extent of 39.5 parts per 100 
at 18° C. It is obtained by a second nitra- 
tion of mononitrobenzene using sulfuric and 
fuming nitric acid. This second nitro-group 
entering the benzene ring is directed chiefly 
into the meta-position although 7 to 10 per 
cent of o- and p-dinitrobenzene are formed. 
These may be removed by washing. Since 
m-dinitrobenzene is the simplest of the di- 
nitrobenzenes to manufacture, it is the one 
most commonly used in industry. 


Industrial Uses 


In 1941, the last year for which figures are 
at present available, 3,287,000 pounds of di- 
nitrobenzene was made in the United States. 
m-Dinitrobenzene is used extensively in the 
dye industry and in the explosives industry. 
Lesser uses are in organic synthesis and to 
some extent in the plastics industry. 


Toxicity 

Since dinitrobenzene is a solid, cases of 
poisoning develop less rapidly and are less 
severe than in the case of mononitrobenzene 
(1). Poisoning occurs among men who either 
shovel or melt dinitrobenzene. An attack 
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usually develops some hours after a man has 
left the plant. The main physiological effect 
of dinitrobenzene is the conversion of oxy- 
hemoglobin into methemoglobin. This may 
progress to the extent of making the blood 
a chocolate color. The red cells are reduced 
in numbers and show marked punctate baso- 
philia. Dinitrobenzene is changed into m-ni- 
troaniline and is eliminated in this form in 
the urine. A workman may notice that he 
passes smoky urine soon after his first con- 
tact with dinitrobenzene. In acute poisoning, 
there is a rapid onset of headache, vertigo, 
and vomiting, followed by exhaustion, 
numbness of the legs, a staggering gait, som- 
nolence, and loss of consciousness. In sub- 
acute and chronic poisoning, secondary 
anemia is a prominent feature. As with 
mononitrobenzene, working garments, 
gloves, and boots must be changed and 
cleaned regularly. Absorption from the ali- 
mentary canal is more rapid if the stomach 
is empty which makes it desirable that 
workers eat a meal before they begin work. 
Alcohol used even in ordinary amounts in- 
creases the toxic effects of dinitrobenzene. 
The literature concerning the toxicity of 
dinitrobenzene has been reviewed by von 
Oettingen (1) and critically evaluated by 
Hunter (2). Kiese (3) has studied both 
acute and chronic poisoning of dogs with 
m-dinitrobenzene administered subcutane- 
ously. The median lethal dose was 10 milli- 
grams per kilogram. The formation of Heinz 
bodies, an increase in methemoglobin, and 
liver damage was noted both in acute and 
in chronic poisoning. As yet no maximum 
allowable concentration for this substance 
has been established. 


Analysis 


The three dinitrobenzenes are volatile 
with steam and may be separated by this 
means for purposes of identification. o-Di- 
nitrobenzene, on treatment with ammonium 
sulfide in alcohol or on boiling with ammonia 
in alcohol, yields o-nitroaniline (melting 
point 71° C.). When reduced by tin and hy- 
drochloric acid, it yields o-phenylenedi- 
amine (melting point 102° C.). With aniline 
at 100°C., it yields o-nitrodiphenylamine 
(melting point 75° C.). m-Dinitrobenzene, 


when similarly treated to the above, yields 
m-nitroaniline (melting point 114°C.) and 
m-phenylenediamine (melting point 63° C.) : 
p-Dinitrobenzene yields respectively p-ni- 
troaniline (melting point 147°C.) and on 
reduction, yields p-phenylenediamine (melt- 
ing point 140° C.). m-Dinitroaniline as an 
aerial contaminant may be determined di- 
rectly by the colorimetric method with ke- 
tones, such as acetone, methyl propyl ke- 
tone, etc., which form violet colors, the 
intensities of which are proportional to the 
m-dinitrobenzene concentration (cf. Ben- 
zene). 
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DINITRO-o-CRESOL 
Characteristics 


Dinitro-o-cresol, 3,5-dinitro-2-oxymeth- 
ylbenzene, 2-methy1-4 ,6-dinitrophenol, 
(NOz) 2CgH2(CH3)OH, crystallizes as yel- 
low prisms from alcohol and has a melting 
point of 85.8° C. It is prepared by treating 
o-cresol in glacial acetic acid with nitric acid 
in the cold, or by sulfonation of o-cresol fol- 
lowed by controlled nitration. Dinitro-o- 
cresol is moderately volatile with steam. On 
heating with sulfur and alkali sulfides a 
black, direct cotton dyestuff is formed. Wain 
(1) found the solubility of dinitro-o-cresol 
in various solvents (grams dissolved by 100 
grams of solvent at 15° C.) to be as follows: 
petroleum ether 0.51; carbon tetrachloride 
2.40; ethanol 4.30; methanol 7.33; diethyl 
ether 9.12; glacial acetic acid 23.45; benzene 
37.15; chloroform 37.20; and acetone 100.60. 
One part of dinitro-o-cresol dissolves in 
7,813 parts of water at 15° C. 


Uses 


The following salts of dinitro-o-cresol are 
found in commercial use: the sodium salts, 
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NaC;HsN205, a red powder, and the hy- 
drate NaC;HsN20;-H20, yellow needles; 
the ammonium salt NH,C;H;N.0;:H.0; 
the potassium salt KC;H;N.O;; and the cal- 
cium salt Ca(C;H;N.O;)2°H.O. All these 
salts are readily soluble in water. In the form 
of solutions of its salts, it has been known 
as an insecticide under the name of “Anti- 
nonnin” in Germany and “DNOC” in Eng- 
land. As a crop spray dinitro-o-cresol was 
introduced into this country about 1940. It 
is also used as a weed killer and fungicide. 
While the amount manufactured in this 
country is not great in comparison with 
other insecticides or herbicides, the output in 
1948 amounted to 202,000 pounds. 


Toxicity 


Dinitro-o-cresol is markedly toxic and 
has been the cause of illness and fatalities 
both in its manufacture and agricultural 
application. To some extent this substance 
has been used by overweight individuals to 
produce loss of weight. Several fatalities 
have been reported from this application in 
England and in Germany (2, 3). The symp- 
toms of poisoning are a particularly marked 
thirst, perspiration, increased temperature, 
and increased pulse and respiration rate (4). 
In severe poisoning the symptoms are dizzi- 
ness, restlessness, vomiting, intense perspir- 
ation, fever and unconsciousness. However, 
stimulation of the metabolism, hyperther- 
mia, profuse sweating and general malaise 
characterize poisoning in general by dinitro- 
o-cresol; furthermore, loss of weight, glau- 
coma, bilateral cataract, and painful ery- 
themia of the hands may follow contact with 
this substance (5). 

Ambrose (6) found that the 3,5 isomer 
was not fatal when administered orally to 
rats in amounts of 30 milligrams per kilo- 
gram of body weight, or with 20 milligrams 
per kilogram following subcutaneous injec- 
tion, while 50 to 100 milligrams per kilogram 
administered by mouth was 100 per cent 
fatal. The “survival dose” following oral 
administration was found by Spencer and 
others (7) to be 10 milligrams per kilogram 
for rats, while the lethal dose was 50 milli- 
grams per kilogram. Parker and others (8) 
found the LDsgo in rats by subcutaneous in- 
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jection to be approximately 24.6 milligrams 
per kilogram of body weight. 

Nordmann and Weber (9) report a yellow 
coloration of the skin and of the respiratory 
tract to be particularly noticeable. Further- 
more, cloudy swelling of the kidneys and 
liver was noted in this investigation. Spencer 
(7) also reports cloudy swelling of the liver, 
very slight degenerative changes in the renal 
tubules, and slight congestion of the spleen 
in rats fed a diet containing 0.10 per cent of 
4,6-dinitro-o-cresol. However in the more 
recent investigation of Parker and others 
(8) no signs of cellular damage were found 
in the livers of animals killed or dying after 
either single or repeated injection of dinitro- 
o-cresol. They found that a single dose ap- 
proximating a lethal dose produces an acute 
reaction lasting a few hours, but that a sub- 
lethal dose may be administered at daily in- 
tervals for several weeks without producing 
symptoms or signs of chronic poisoning. 
There are therefore apparently no accumu- 
lative effects in rats, nor is any tolerance 
developed towards dinitro-o-cresol. In the 
case of a man poisoned with this substance, 
reported by Pollard and Filbee (4), the 
blood level concentration of 60 micrograms 
per gram of blood of the patient on admis- 
sion to the hospital was dangerously near 
that reported by Steer (10) of 75 micro- 
grams per gram of blood in a fatal case of 
poisoning from dinitro-o-cresol. The ex- 
treme muscular rigidity at or very soon after 
death in poisoning with dinitro-o-cresol has 
been attributed to depletion of energy-rich 
phosphate compounds in tissues and organs 
by Parker (11). The main detoxication 
mechanism is that of reduction of the 6-nitro 
group and not conjugation of the phenol 
group. The main detoxication product is 
6-acetamido-4-nitro-o-cresol which is far 
less toxic than dinitro-o-cresol (12). 

Inhalation of the dust of dinitro-o-cresol 
has been the cause of illness and deaths. For 
instance, Schwartz (13) reports the death 
of a worker from this type of exposure. 
Couchman (14) reported the first case of in- 
dustrial poisoning (with recovery) from ex- 
posure to dinitro-o-cresol dust in this coun- 
try. The worker so exposed had been working 
in a plant where the atmospheric contamina- 
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tion amounted to 4.7 milligrams of the sub- 
stance per cubic meter of workroom air. This 
individual was admitted to the hospital with 
a temperature of 102° F., a basal metabolic 
rate of 400+, rapid pulse and respiration, 
profuse sweating, shortness of breath and 
cough. The skin on the palms of the hands 
and soles of the feet was colored canary yel- 
low. Satisfactory working conditions were 
attained when the process was so modified as 
to permit exposure to no more than 2.5 milli- 
grams per cubic meter of air. Bidstrup and 
Payne (15) discuss nine fatal cases of di- 
nitro-o-cresol poisoning which have occurred 
in Great Britain since 1945. In all except 
one of these cases the men had been working 
less than 12 hours before death. Owing to 
increase in the metabolic rate, death may 
occur through heat stroke and usually occurs 
in hot weather within a few hours after the 
appearance of symptoms. In man it appar- 
ently acts as an accumulative poison and 
is the more dangerous on that account 
(Harvey, Bidstrup and Bonnel, 16). Fischer 
(17) has made recommendations for the safe 
application of dinitro-o-cresol. Pollard and 
Filbee (4) recommend that all people ex- 
posed to dinitro-o-cresol should have regular 
blood examinations and should avoid con- 
tact with the substance for several weeks if 
their blood content of this substance rises 
above 20 micrograms per gram of blood. 


Analysis 


The yellow color of an aqueous solution 
of dinitro-o-cresol is discharged by the ad- 
dition of hydrochloric acid, while the addi- 
tion of an aqueous solution of ferric chlo- 
ride to an alcoholic solution of this substance 
develops a yellow to deep red color. When 
warmed with a solution of sodium hypochlo- 
rite, chloropicrin is formed and may be rec- 
ognized by its acrid odor. According to Wain 
(1) dinitro-o-cresol is sufficiently acidic to 
liberate iodine from an iodate solution. The 
liberated iodine can be titrated preferably 
by the addition of excess thiosulfate fol- 
lowed by back titration. A colorimetric 
method of analysis, especially suitable for 
the analysis of insecticidal material, has 
been developed by Fischer (17). The latter 
is digested with 1 per cent NaOH, filtered, 
neutralized with sulfuric acid, and treated 


with a freshly prepared solution of potas- 
sium cyanide. A deeply colored “purpurate” 
is formed thereby which may be measured 
colorimetrically. 
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DINITROPHENOL 
Characteristics 
Dinitrophenol, CsH;0H (NOj) 2, exists in 


81x isomeric forms, the physical properties of 
which are summarized in Table 7. As ordi- 


————— 
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narily prepared dinitrophenol consists of 
mixtures of the various isomers and, except 
for special purposes, the mixture is used 
without separation of the isomers. 


Uses 


Formerly the most important use for di- 
nitrophenol was as an explosive. When mixed 
with picric acid it constituted the French ex- 
plosive mélinite. However it is now largely 
used in the synthesis of dyestuffs and as a 
wood preservative. 2 ,4-Dinitrophenol on re- 
- duction with iron and hydrochloric acid 


yields diaminophenol, a photographic de- 
veloper known commercially as Amidol. 


Toxicity 


There is a considerable amount of varia- 
tion in the toxicity of the various isomeric 
dinitrophenols, but the 2,4 derivative is by 
far the most toxic of the entire group. Dur- 
ing 1915 and 1916 numerous cases of dinitro- 
phenol poisoning occurred in France in the 
filling of shells with mélinite. Twenty-seven 
deaths were reported arising from dinitro- 
phenol poisoning. While absorption occurs to 


TABLE 7 





Isomeric Forms 
of Dinitrophenol 


Melting | Boiling 


Characteristics 


point point Density ;Physical state Solubility Remarks 
—— 
2,3-Dinitro- 144 dec. | 1.681 at | Yellow needles | Very easily soluble 
phenol 25° when crystal- in ether and hot 
lized from alcohol 
water 
2,4-Dinitro- 114-115} dec. | 1.683 at | Thin, nearly col- | Easily soluble in | Volatile with 
phenol 24° orless plates warm ether, ben- steam 
when crystal- zene, or chloro- 
lized from form 
water 
2,5-Dinitro- 104 Slightly yellow | Difficulty soluble 
phenol needles when in water, cold al- 
crystallized cohol; readily 
from water, soluble in hot 
dilute alcohol, alcohol or ether 
or ligroin 
3,4-Dinitro- 134 dec. 1.672 Colorless needles | Easily soluble in | Not volatile 
phenol from water alcohol or ether with steam 
which soon 
disintegrate to 
a sand 
3,5-Dinitro- 122 dec. 1.702 Colorless plates | Very easily soluble 
phenol from _ dilute in alcohol or 
HCl solution ether; difficultly 
soluble in petro- 
leum ether 
2,6-Dinitro- 63.5) dec. Yellow rhombic | Slightly soluble in 
phenol crystals cold water; more 
soluble in hot 
water; readily 
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soluble in hot al- 
cohol; soluble in 
benzene and in 
ether 
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some extent through the respiratory tract 
and to a less extent from the alimentary 
tract, the principal industrial hazard is ab- 
sorption through the skin. Workmen show 
staining of exposed surfaces, and the hands 
and soles particularly exhibit yellow stain- 
ing. 

i number of years ago it was discovered 
that dinitrophenol causes a marked increase 
in metabolic rate and a rise in temperature. 
In 1933 Cutting and his associates (1) used 
dinitrophenol in treating obesity and for a 
time this treatment enjoyed considerable 
vogue. However the severe and occasional 
fatal effects attending its use shortly ter- 
minated its popularity. In addition to the 
effects noted above, dinitrophenol produces 
extreme weariness, profuse sweating, burn- 
ing thirst, dyspnea, collapse and death. 
With non-fatal poisoning the symptoms 
improve on removal of the victim from fur- 
ther contact with dinitrophenol. Where this 
substance had been used as a drug for some 
time, it was found that cataract formation 
was a late complication. 

Simon (2), in his study of the mechanism 
of dinitrophenol poisoning, found that this 
substance stimulates glycolysis and inhibits 
oxidative phosphorylation, which in turn 
inhibits processes requiring energy. It also 
causes a loss of reservoirs of energy-rich 
phosphate. Fonnesu and Severi (3) have 
found that in rats prolonged treatment with 
2, 4-dinitrophenol causes at first an accumu- 
lation of liver glycogen which later on dis- 
appears completely. Fasting rats similarly 
treated have a higher blood sugar level and 
less glucose tolerance. Chronically poisoned 
rats show liver changes, kidney swelling, 
and necroses (4). According to Williams (5) 
2,4-dinitrophenol is excreted partly un- 
changed, partly conjugated with glucuronic 
acid, and partly reduced to 2-amino-4-nj- 
tro-, 2-nitro-4-amino-, and probably 2,4- 
diaminophenols. 

While the majority of reports concerning 
industrial injury originated in the munitions 
industry, Saita (6) reports occupational poi- 
soning among workers impregnating wood 
with dinitrophenol. In industry adequate 
ventilation should be provided to remove 
dinitrophenol present as dust, and, since skin 
absorption is the principal portal of entry, 
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special attention should be directed to wash- 
ing and change of clothing. 
Analysis 

The many color reactions of the nitro 
group facilitate the identification and de- 
termination of these substances by colorim- 
etry or absorption spectrophotometry. The 
dinitrophenols are important indicators for 
changes in pH, the color changing from 
colorless to yellow with 2,4-dinitrophenol at 
2.0 to 4.7; with 2,6-dinitrophenol at 1.7 to 
4.4; and with 2,5-dinitrophenol at 4.0 to 
6.0. Since dinitrophenol is excreted partly 
unchanged and partly reduced the Derrien 
test may be applied to the urine in cases of 
suspected dinitrophenol absorption (7). This 
test is especially sensitive for aminonitro- 
phenol. 
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1,4-DIOXANE 
Characteristics 


1,4-Dioxane, 1, 4-diethylene dioxide, 1 , 4- 
diethylene ether, the second ether of ethyl- 
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ene glycol, is a colorless liquid with a faint, 
pleasant, ethereal odor. It boils at 101.4° Gy 
melts at 11.8°C., has a density p 20/4 of 
1.03361, and an index of refraction n 20/p of 
1.4232. It is miscible in all proportions with 
water and the ordinary organic solvents. The 
vapor pressure at 20° C. is 29.0 millimeters 
of mercury and the flash point is 5°C. It 
forms a constant boiling mixture, 80 per cent 
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dioxane and 20 per cent water, with a boil- 
ing point 86.8° to 86.9° C. at 742 milli- 
meters of mercury. It is quite stable and is 
little affected by acids, alkalies, or oxidizing 
agents at ordinary temperatures (1). Com- 
mercial dioxane is likely to contain as im- 
purities ethylene acetal, acetaldehyde, wa- 
ter, and dioxane peroxide. The lower 
flammable limit of dioxane vapor in dry air 
at ordinary laboratory temperature and 
pressure is 1.97 per cent by volume, the upper 
limit at laboratory pressure and 100 to 110° 
C. is 22.25 per cent by volume. Dioxane is 
prepared by the polymerization of ethylene 
oxide or by the distillation of glycol with 
dilute sulfuric acid. 


Industrial Uses 


Dioxane is used as a solvent in the textile, 
lacquer, and celluloid industries. It is used 
as a degreaser, especially for wool, in the 
manufacture of cosmetic and pharmaceuti- 
cal preparations, as a preservative, fumigant 
or deodorant, as a paint remover, and in the 
manufacture of polishes, pastes, glues, ad- 
hesives, emulsions, and cleaning prepara- 
tions. It also has a number of minor uses, 
such as its employment in histological lab- 
oratories and as a solvent for certain spirit- 
soluble dyes. 


Toxicity 

Yant et al., (2), following the exposure of 
guinea pigs to dioxane vapor for a short 
period of time, found that this substance 
acted as a mild lung irritant, but they were 
unable to demonstrate other outstanding pa- 
thology. Persons exposed to 0.16 per cent in 
air by volume immediately experienced a 
slight irritation of the eyes and nose, and ex- 
posure to 0.55 per cent produced more 
marked symptoms with the addition of a 
burning sensation in the throat. These inves- 
tigators concluded that the local irritating 
action would provide warning at a point far 
below that causing a health hazard from 
breathing the vapor. However, Fairley and 
his associates (3), after repeated inhalation 
experiments on animals, found that injury 
to the kidneys and liver was produced by re- 
peated exposure to nonfatal doses of 0.1 and 
0.2 per cent vapor by volume and by ab- 
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sorption through the skin. Lehmann and 
Flury (4) exposed animals to 10 milligrants 
per liter (0.27 volume per cent) daily for 8 
hours. Though 7 of the 10 exposed animals 
died, the remainder withstood 34 additional 
exposures. When dissected, all animals 
showed liver and kidney injury. Barber in 
1934, according to Hunter (5), reported the 
death of five men from exposure to dioxane 
in the manufacture of artificial silk. Severe 
gastric symptoms, liver enlargement, anuria, 
and uremic coma developed. Autopsy re- 
vealed hemorrhagic nephritis and necrosis 
of the liver. While the process on which they 
were employed had been in use for nearly 
16 months, the circumstances were such that 
the deaths were attributed to a few intense 
exposures and not to chronic poisoning. 
The early diagnostic signs include irritation 
of the nasopharynx and eyes, drowsiness, 
vertigo, headache, loss of appetite and nau- 
sea as well as an increase in the number of 
leucocytes (6). Hunter suggests that where 
the use of dioxane cannot be confined to en- 
closed apparatus, adequate exhaust venti- 
lation must be provided and large evapora- 
tion surfaces forbidden. 


Analysis 


For the measurement of concentrations of 
dioxane as an aerial contaminant, Schrenk 
and Yant (6) employed activated charcoal 
and determined its gain in weight following 
passage of air through this material. While 
no direct chemical method for the deter- 
mination of dioxane has been developed, it 
is suggested that since dioxane has an oxidiz- 
ing effect on iodides and its liberation of 
iodine has been made the basis of the de- 
tection and determination of small amounts 
of iodides (7), a reverse procedure could be 
employed for the estimation of dioxane va- 
por either directly or following concentra- 
tion by trapping. 
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DIPHENYL AND ITS AMINO AND 
NITRO DERIVATIVES 


Characteristics and Industrial Uses 


Diphenyl, CsH;CegHs, is a- crystalline 
colorless substance having a pleasant odor. 
Its specific gravity is variously given as 
0.9845 to 1.041, its melting point is 70.5° C., 
and its boiling point is 254° C. It is insoluble 
in water but soluble in alcohol and ether. 
Dipheny] is prepared by passing benzene va- 
por through an iron tube packed with pumice 
held at a relatively high temperature (650° 
to 800° C.). It may also be prepared by pass- 
ing the vapor through molten lead. Diphenyl 
is used as a heat-transfer fluid in a commer- 
cial preparation known as Dowtherm A, 
which is an eutectic mixture containing 26.5 
per cent of diphenyl and 73.5 per cent of 
dipheny] oxide. Dipheny] is also used in or 
ganic synthesis. 

The aminodiphenyls may be prepared by 
the reduction of the corresponding nitro com- 
pounds. o-(2)-Aminodipheny] may be pro- 
duced by the action of bromine and an alkali 
on o-phenylbenzamide. It has a melting 
point of 49° C. p-(4) -Aminodiphenyl, xeny]- 
amine, may be prepared by the interaction 
of benzene with azobenzene hydrochloride 
in the presence of aluminum chloride. The 
melting point of the para compound is 54° C, 

When dipheny] is nitrated, a mixture of 
o-nitrodiphenyl and p-nitrodipheny] is ob- 
tained. o- (2)-Nitrodiphenyl melts at 37° C. 
and boils at 320°C.; p- (4) -nitrodipheny] 
melts at 114° C. and boils at 340° C 


Toxicity 


When absorbed in sufficient quantity into 
the tissues of experimental animals, Deich- 
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mann and his associates (1) found that each 
of the compounds which they investigated 
(diphenyl, o- and p-aminodiphenyl, o- and 
p-nitrodiphenyl, and dihydroxyoctachloro- 
diphenyl) induced a state of intoxication, 
characterized by an increased respiration 
rate, lacrimation, loss of appetite, loss of 
body weight, muscular weakness, unsteadi- 
ness, and respiratory difficulties and termi- 
nated by death in coma. In addition, in 
some instances diphenyl caused mild paral- 
ysis of the hindlegs and mild asphyxial con- 
vulsions. All signs of illness seemed rela- 
tively mild until, without much warning, 
coma developed. Most rabbits and rats 
given lethal dosages survived for 24 to 72 
hours. However, some, regardless of the 
compound administered, survived for only 
2 hours, while others survived up to 18 days. 
Dipheny] is the least toxic of the group of 
compounds investigated. The LDso dose of 
diphenyl and related compounds when ad- 
ministered orally at one time to rabbits as 
25 per cent preparations in olive oil are as 
follows: diphenyl, 2.41 grams; o0-nitrodi- 
phenyl, 1.58 grams; p-nitrodiphenyl, 197 
grams; o-aminodiphenyl, 1.02 grams; p- 
aminodiphenyl, 0.69 gram; and dihydroxy- 
octachlorodipheny], 0.20 gram. The repeated 
application upon the skin of each of these 
substances, except dihydroxyoctachlorodi- 
phenyl, induced no signs of local irritation. 
The last named substance induced marked 
signs of local irritation and severe systemic 
poisoning. For a study of the local and sys- 
temic effects of exposure to various concen- 
trations of the dust or vapor of diphenyl or 
o-nitrodipheny] in air, rabbits, rats, and 
mice were exposed for 7 hours per day on 
5 days a week over periods of time as long 
as 94 days. Locally, these substances in cer- 
tain concentrations produced an irritation of 
the nasal mucosa and respiratory difficulties. 
Postmortem examination showed severe 
bronchopulmonary lesions and also minor 
toxic changes in the liver and kidneys. The 
maximum safe concentration of dipheny] 
In air for prolonged exposure of rabbits lies 
somewhere above 0.3 milligram of diphenyl 
per liter; for rats, it is between 0.005 and 
0.04 milligram per liter ; and for mice, it is 
somewhat below 0.005 milligram per liter of 
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air. The maximum safe concentration for 
prolonged human exposure can, according to 
these investigators, only be speculated upon; 
for the present, concentrations of dipheny] 
of the order of 0.005 milligram per liter 
should be considered dangerous. The maxi- 
mum safe concentration for the prolonged 
exposure of rabbits to vapors of o-nitro- 
diphenyl or to dust of this compound 
is of the order of 0.04 milligram per 
liter of air. The safe concentration for pro- 
longed exposure to vapors of o-nitrodi- 
phenyl lies between 0.003 and 0.008 milli- 
gram per liter of air in the case of rats and 
below 0.003 milligram per liter of air in the 
case of mice. 4-Aminodipheny] is at least as 
potent as B-naphthalene with reference to 
the production of bladder tumors, according 
to Walpole and his associates (2). Two years 
and nine months after receiving a daily dose 
of 2.9 to 3.3 grams per kilogram by mouth 
dogs were found to have advanced bladder 
tumors. 


Analysis 


Dipheny] and o-nitrodiphenyl determina- 
tions in air may be carried out by a method 
similar to that described by Schrenk, Pearce, 
and Yant (3, 4). Diphenyl may be de- 
termined by means of the spectrophotom- 
eter. In a hexane solution, diphenyl shows 
an absorption maximum at approximately 
251 millimicrons and at this point, the mo- 
lecular extinction coefficient is 18,500 (5). 
A solution containing 0.001 per cent of the 
phenyl compound gives a convenient read- 
ing in a 1-milliliter cell of the spectropho- 
tometer. 
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DIPHENYLAMINE 


Characteristics 
Diphenylamine, 


( 
OD 
is a colorless crystalline solid melting at 
54° C. and boiling at 302° C. (179° C. at 
22 millimeters). Its density is p 20/20 1.160. 
It is a somewhat pleasant smelling sub- 
stance, insoluble in water, partly soluble in 
alcohol, and freely soluble in benzene, in 
ether and in carbon disulfide. It is such a 
weak base that its salts are completely 
hydrolyzed by water and therefore it is 
practically insoluble in dilute acids. Due to 
the presence of the two negative phenyl 
groups the hydrogen attached to nitrogen is 
feebly acidic and in the absence of moisture 
the potassium salt may be prepared. Di- 
phenylamine is readily synthesized by a 
variety of methods, notably by heating 
chlorobenzene with 25 per cent ammonia in 
the presence of copper oxide or copper chlo- 
ride. Diphenylamine is also formed by the 
elimination of water between phenol and 
aniline in the presence of a small amount of 
strong mineral acid. An important industrial 
process is that of heating aniline and aniline 
hydrochloride in a closed cast-iron vessel or 
autoclave for 32 hours at 200° C. The melt 
is then extracted with dilute hydrochloric 
acid and distilled under reduced pressure. 
Diphenylamine is extensively manufactured 
in this country and the export of this sub- 
stance in 1952 amounted to 505,935 pounds 


(1). 


Uses 


Diphenylamine is used in the manufac- 
ture of certain azo dyestuffs, such as orange 
IV and metanil yellow, and is the most re- 
liable of all stabilizers for explosives, being 
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incorporated to the extent of 8 per cent with 
nitrocellulose powders and other high ex- 
plosives (2). It is also used as an anti-aging 
material in rubber, as a vulcanization ac- 
celerator and as an anti-oxidant. To some 
extent it is used by veterinarians to combat 
screwworm infestation in cattle. 


Toxicity 

While its toxic effects somewhat resemble 
those of aniline, diphenylamine is much less 
poisonous. Nonetheless, it is definitely toxic. 
Lande, Dervillee, and Collet (3) found that 
when diphenylamine was administered by 
mouth to rabbits in doses of 0.5 to 2 grams 
per kilogram of body weight, asthenia, 
wasting, and anorexia were observed over 
a period of 15 to 20 days, with an occasional 
death. Robert and his associates (4) state 
that poisoning in industry arises from in- 
halation of the vapors of alcoholic solutions 
of diphenylamine, partly from _ inhala- 
tion of the mist and dust of this com- 
pound and partly from skin contact. The 
clinical symptoms include bladder troubles, 
tachycardia, hypertension (when poisoned 
by the alcoholic solution), and eczema. In 
dust inhalation experiments over a period 
of 2 to 4 months animals showed definite 
liver, spleen, and kidney changes. 


Analysis 


Owing to its many color reactions di- 
phenylamine presents but little difficulty in 
detection. The blue color formed by nitric 
acid in the presence of sulfuric acid is well 
known and determination of the amount 
of diphenylamine dust present in the at- 
mosphere in manufacturing operations is a 
relatively simple colorimetric procedure. An 
alternate method is that of Ponomarenko 
(5) in which an air sample is taken by 
bubbling through sulfuric acid and the di- 
phenylamine determined colorimetrically 
based upon the violet-red color formed by 
its reaction in acid solution with diazo- 
sulfanilic acid. 
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ETHYL ACETATE 


Characteristics 


Ethyl acetate, acetic ether, vinegar naph- 
tha, CHz,COOC2H,, is a colorless, clear, vol- 
atile, inflammable liquid with a character- 
istic fruity odor and which when diluted has 
a pleasant taste. It boils at 77.15° C., melts 
at —83.6° C., has a density p 20/4 of 0.90055, 
and a refractive index of n 25/p 1.37005. It is 
soluble in water to the extent of 100 milli- 
liters per liter of water at 25° C. and is some- 
what more soluble at lower temperatures 
and less soluble at higher. It is completely 
miscible with alcohol, acetone, chloroform, 
and ether. Its vapor pressure at 20° C. is 
65 millimeters of mercury and its flash point 
is 4° C. Ethyl acetate undergoes slow hy- 
drolysis in the presence of water acquiring 
an acid reaction. It forms a heterogeneous 
binary constant boiling mixture of boiling 
point 70.4° C. with water. Ethyl acetate is 
obtained by the slow distillation of a mix- 
ture of acetic acid, ethyl alcohol, and sul- 
furic acid. In a more recent commercial 
process, it is synthesized from acetylene, via 
acetaldehyde, the ester being obtained from 
the latter by the action of aluminum eth- 
oxide. Ethyl acetate production has in- 
creased since it is a by-product of the manu- 
facture of the vinyl acetals, which are used 
for safety glass for automobiles and trans- 
parent coatings for fabrics. 


Industrial Uses 


The production of ethyl acetate in the 
United States in 1945 amounted to 
105,814,000 pounds; in 1954 production was 
72,451,000 pounds. This ester is widely used 
as a solvent for nitrocellulose, in airplane 
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dopes, smokeless powder, artificial leather, 
photographic films, artificial fruit essences, 
perfumes, and for the preparation of aceto- 
acetic ester. Ethyl acetate has been the 
standard medium-evaporating solvent in the 
lacquer industry for a number of years. 
While somewhat disadvantageous from the 
point of view of blushing and flow, it is su- 
perior to many slow-evaporating solvents 
with reference to viscosity. It is supplied to 
the lacquer industry as an 85 per cent or 
higher grade, the balance consisting of ethyl 
alcohol. Ethyl acetate is an authorized de- 
naturant for ethyl alcohol (Specially De- 
natured Alcohol, Formulas 35 and 35-A). 
Toxicity 

Ethyl acetate is irritating to the mucous 
surfaces, particularly the eyes, gums, and 
respiratory passages, and is mildly narcotic. 
On repeated or prolonged exposure, some 
corneal clouding has been observed. Pro- 
longed inhalation causes acute pulmonary 
edema and congestion of the liver and kid- 
neys. In chronic poisoning, secondary ane- 
mia, leucocytosis, and cloudy swelling and 
fatty degeneration of the viscera occurs (1). 
Beintker (2) has reported industrial poison- 
ing arising from the use of ethyl acetate. 
Mancini and associates (3), in a pharmaco- 
logical and toxicological study of methyl 
acetate and ethyl acetate, determined that 
for goldfish the lethal concentration in the 
water was 0.02 per cent for methyl acetate 
and 1.1 to 1.2 per cent for ethyl acetate. 
When injected subcutaneously in rats, the 
lethal dose was 8 grams per kilogram for 
methyl acetate and 5 grams per kilogram 
for ethyl acetate. Narcosis and death of rats 
was produced by inhalation of air contain- 
ing 46.6 milligrams of methyl acetate per 
liter but not by air containing much higher 
concentrations of ethyl acetate. Chronic 
poisoning by inhalation produced pulmo- 
nary edema and cloudy swelling of the kid- 
neys, liver, and myocardium. While Smyth 
and Smyth (4), in 1928, found that animals 
could withstand a concentration of ethyl 
acetate of 2000 parts per million without 
apparent ill effects following 65 exposures, 
the accepted present-day allowable concen- 
tration of ethyl acetate vapor to which 
workers may be exposed is lower. 
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While no specific method for the evalua- 
tion of ethyl acetate as an aerial contam- 
inant is available, several indirect methods 
may be applied. The ester may be adsorbed 
on activated charcoal or silica gel and 
weighed, or it may be retained on passing air 
through fritted glass bubblers containing 
ethyl alcohol and the latter solution hydro- 
lyzed with a known amount of standard 
alkali solution, followed by back-titration of 
the latter. It should be pointed out that 
ethyl acetate vapor in industry is frequently 
only one component of a mixture containing 
other esters and that either of the methods 
described above should be employed with 
this in mind. Keenan (5) has recently de- 
veloped a method for the colorimetric de- 
termination of ethyl acetate which involves 
the conversion of the ester by hydroxyl- 
amine and the addition of ferric chloride to 
form a violet colored complex. Fading is not 
appreciable within the first few minutes. 
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ETHYL ALCOHOL 


Characteristics 


Ethyl alcohol, grain alcohol, ethanol, 
C.H;OH, has a boiling point of 78.325° C., 
a freezing point of —117.3° C., a density 
D 20/4 of 0.7894, and an index of refraction 
n 20/p of 1.3610. It is a colorless, mobile 
liquid of pleasant odor, has a flash point of 
12° C., a vapor pressure at 20° C. of 44 
millimeters of mercury, and is completely 
miscible with water. Ordinary commercial 
alcohol is a constant boiling mixture (78.2° 
C.) of alcohol (95.57 per cent by weight) 
and water (4.43 per cent). 
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Ethyl alcohol has been made since an- 
tiquity by the fermentation of sugar or 
starch in the presence of yeast. Raw mate- 
rials used at industrial alcohol plants at the 
present time include molasses, grain (corn, 
malt, wheat, sorghum, rye, barley, rice, and 
bran), pineapple juice, whey, and cellulose 
pulp. It is separated from the fermented 
mash by distillation. Synthetic ethanol is 
made by hydrolysis of ethyl sulfuric acid 
and diethyl sulfate which is formed on ab- 
sorption of ethylene in concentrated sulfuric 
acid. The synthetic production of alcohol 
from cracked petroleum gases assumed con- 
siderable importance during World War II. 
When oxidized with chromic acid-sulfuric 
acid mixture, alcohol yields acetaldehyde 
(boiling point 20° C.) and with alkaline 
permanganate, it is oxidized to acetic acid 
(boiling point 118° C.). When warmed with 
iodine dissolved in potassium iodide solution 
with the addition of sodium hydroxide, alco- 
hol yields iodoform (melting point 119° C.). 
On slow distillation with hydriodic acid, it 
yields ethyl iodide (boiling point 72° C.). 


Industrial Uses 


During 1945, 683,432,000 proof gallons of 
ethyl alcohol were produced in the United 
States. The allocations of ethyl alcohol for 
industrial purposes in 1944-45 show that 
approximately 51.2 per cent was used for 
synthetic rubber, 17.9 per cent for chem- 
ical manufacture (acetaldehyde, acetic acid, 
ethyl acetate, ethers, and other chem- 
icals), 7.4 per cent for solvent uses (nitro- 
cellulose and lacquers, shellac and resins, 
pharmaceuticals and cosmetics, adhesives, 
inks, and preservatives), 6.3 per cent for 
anti-freeze, 8.6 per cent for export, 4.3 per 
cent for explosives, and 1.5 per cent for 
plastics and synthetic resins. 


Toxicity 


In spite of its wide application in industry, 
alcohol is not a serious industrial poison. In 
industry, the injurious effects are mainly 
confined to its irritant action on the eyes and 
upper respiratory tract. Very high concen- 
trations of vapor may cause a slight degree 
of intoxication. Since ethyl alcohol is com- 
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pletely burned in the body to carbon dioxide 
and water, it is practically a noncumulative 
poison. The ingestion of alcohol is followed 
by a wide variety of symptoms, and habitual, 
excessive ingestion may result in damage to 
the brain and nervous system. Henderson 
and Haggard (1) state that the safe concen- 
tration for exposure to alcohol vapor during 
the working day ranges from 250 to 1,064 
parts per million of air. 


Analysis 

The concentration of ethyl alcohol vapor 
in air may be determined by application of 
one of a variety of methods which have been 
primarily developed for the estimation of 
alcohol in exhaled air. Various colorimetric 
methods have been proposed for the estima- 
tion of traces of ethyl alcohol, such as 
Schiff’s reagent method and the potassium 
dichromate oxidation method (2, 3). The io- 
dine pentoxide method of Haggard and 
Greenberg (4) is well adapted to the deter- 
mination of ethyl alcohol vapor in air. In 
this method a measured sample is drawn into 
a tube containing hot iodine pentoxide. The 
alcohol is decomposed with the liberation 
of iodine which is estimated directly by 
titration. 
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ETHYLBENZENE 


Characteristics 


Ethylbenzene, phenylethane, 


€ >-cH,—chh, 


is a colorless liquid boiling at 136.187° C. 
and melting at —95.081° C. Its density is 
Deo 0.86696 and index of refraction n 20/p 
1.49580 (1). Ethylbenzene is only slightly 
soluble in water, but dissolves in alcohol, 
benzene, carbon tetrachloride and ether. On 
oxidation with chromic acid, ethylbenzene 
yields benzoic acid and on dinitration, fol- 
lowed by reduction of the crude product 
with tin and hydrochloric acid and subse- 
quent acetylation, ethyl-benzene yields 2,4- 
di- (acetylammo) -1-ethylbenzene which 
crystallizes in small needles from methyl 
alcohol and has a melting point of 223° C. 
With picric acid, ethylbenzene forms a pic- 
rate consisting of light, yellow, crystalline 
plates having a melting point of 96.6° C. 
The Dow process for the manufacture of 
ethylbenzene is based on the reaction of ben- 
zene with ethylene at 87.5° C. using alumi- 
num chloride as a catalyst. 


Industrial Uses 


The production of ethylbenzene in the 
United States in 1945 amounted to 
427,932,000 pounds; in 1954 total production 
was 825,010,000 pounds. Ethylbenzene is 
principally produced as an intermediate in 
the synthesis of styrene for which it is cata- 
lytically dehydrogenated at high tempera- 
tures with a yield varying of from 50 to 80 
per cent. It also has very minor use in in- 
dustry as a solvent and has been proposed 
as an anti-knock agent in airplane fuels. 


Toxicity 

Ethylbenzene vapors are irritating to the 
eyes and the upper respiratory passages in 
concentrations below that which causes se- 
rious physiological response. Although eth- 
ylbenzene has narcotic properties, it does 
not have the deleterious effect on the blood 
which is observed with benzene itself. Yant, 
Schrenk, Waite, and Patty (2) found that 
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it was not possible to obtain a sufficiently 
high concentration in air at room tempera- 
ture to kill guinea pigs in from 30 to 60 min- 
utes. Saturated air at 20° C. contains less 
than 2 per cent vapor. During exposure to 
concentrations of 1 per cent, the symptoms 
observed in the order of occurrence were eye 
and nose irritation, apparent vertigo, static 
and motor ataxia, apparent unconsciousness, 
followed by shallow respiration, and finally 
slow gasping respiration followed by death 
after from 2 to 3 hours’ exposure. Further 
experimental work, in which six men 
breathed air containing 0.1 per cent of ethyl- 
benzene vapor, indicated that this concen- 
tration is irritating to the eyes and throat 
and ultimately causes dizziness. 


Analysis 


The detection of ethylbenzene when 
present in quantity may be effected by con- 
version of this substance to one of its identi- 
fying compounds, such as 2,4,6-trinitro-1- 
ethylbenzene, p-ethylbenzene sulfonamide, 
or the picrate. Although no method of eval- 
uation specific for ethylbenzene as an at- 
mospheric contaminant has been devised, 
its determination in the absence of other 
organie vapors may be effected by adsorp- 
tion on activated charcoal or silica gel. 
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ETHYL BROMIDE 


Characteristics 


Ethyl bromide, monobromoethane, bro- 
moethane, C2H;Br, is a colorless, inflam- 
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mable, volatile liquid of ethereal odor. It is 
soluble in alcohol and ether but sparingly 
soluble in water (1 per cent). It has a melt- 
ing point of —115.5°C., a boiling point of 
38.4° C., density p 20/4 1.450, a vapor pres- 
sure of 386 millimeters of mercury at 20° C., 
and an index of refraction n 20/p 1.4239. 
Ethy] bromide forms explosive mixtures with 
air under certain conditions and is also read- 
ily decomposed into volatile toxic products 
in the presence of flames or hot surfaces. 
Ethyl bromide is prepared from potassium 
bromide and ethy] sulfuric acid. It can also 
be made by the slow addition of bromine to 
a red phosphorus-absolute ethy] alcohol mix- 
ture after which it is distilled. 


Industrial Uses 


Ethyl bromide is used as a refrigerant, 
as an ethylating agent in the synthesis of 
many organic compounds, as an extraction 
solvent, and as a local surface anesthetic in 
medicine. The manufacture of ethyl bromide 
in the United States amounted to 403,000 
pounds in 1945. Ethyl bromide is one of the 
health hazards of the pharmaceutical indus- 
try (1). 

Toxicity 

Waite and Yant (2) found that ethyl 
bromide vapors are markedly irritating 
to the lungs when breathed for a short 
period, producing an acute congestion and 
edema. Sayers and his associates (3) found 
ethyl bromide to be much less toxic than 
methyl bromide, the gross pathology, 
however, being similar. The delayed effect 
of exposure characteristic of methyl bro- 
mide is noted with ethyl bromide but 
is less evident in the latter case. Miller 
and Haggard (4) found that ethyl bromide 
is less rapidly eliminated than methyl] bro- 
mide from the system and is also hydrolyzed 
to a lesser extent. There was no indication of 
an appreciable accumulation of bromide in 
the intracellular water. The hydrolysis ap- 
peared to occur predominately in the extra- 
cellular fluids. It is remarkable that doses as 
great as 800 milligrams per kilogram of ethyl 
bromide could be given animals intraperi- 
toneally with no ill effects. With doses from 
1,500 to 2,000 milligrams per kilogram, there 


was some anesthesia but with prompt re- 
covery; larger doses produced death. In 
clinical studies of workers poisoned by ethyl 
bromide, Reznikov (5) found that the bro- 
mine content of the blood is a useful diag- 
nostic test. 


Analysis 

While various methods have been sug- 
gested for the determination of the vapor 
of ethyl bromide in air, such as the flame 
detector or various combustion methods, it 
would appear preferable to base the valua- 
tion of ethyl bromide vapor upon determina- 
tion of bromine itself. Ethyl bromide hy- 
drolyzes comparatively easily in alcoholic 
potassium hydroxide solution yielding po- 
tassium bromide. Since fluorescein reacts 
readily with free bromine to form eosin and 
since it is possible to detect 1 part of bromine 
in 10 million parts of solution (6, 7); at 
should be possible to evaluate the ethy! bro- 
mide content of an atmospheric sample with 
some degree of accuracy based on some such 
procedure. 
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ETHYL CHLORIDE 


Characteristics 


Ethyl chloride, chloroethane, hydrochloric 
ether or “kelene”, C2HsCl, is a gas at ordi- 
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nary temperature which, when compressed, 
is a colorless, highly inflammable, very vola- 
tile liquid. It boils at 12.2°C., melts at 
—140.8° C., has a density of 0.921, and a 
vapor pressure of 1,000 millimeters of mer- 
cury at 20° C. Ethyl] chloride is slightly sol- 
uble in water but is miscible with most of 
the commonly used organic solvents. It 
burns readily with a green, smoky flame and, 
because of its very low boiling point, is sup- 
plied in sealed glass containers or metal 
tubes. When heated with water to 100° C. 
in a sealed tube, ethyl chloride hydrolyzes 
to ethyl alcohol, a conversion which is ac- 
celerated by alkali. In diffused sunlight, 
chlorine acts upon it to form ethylidene chlo- 
ride, CH3CHCle, and other substitution 
products. Chlorine, in the presence of iron, 
converts ethyl chloride into ethylene chlo- 
ride, CH2CI—CH,Cl. Ethyl chloride is a 
by-product in the manufacture of chloral 
but may be prepared directly by passing hy- 
drogen chloride into a solution of zinc chlo- 
ride and ethyl] alcohol. The evolved gas may 
be condensed to a liquid by passing it 
through a freezing mixture. The limits of 
inflammability of ethyl chloride in air, oxy- 
gen, and nitrous oxide, respectively, in pairs 
representing lower and upper limits are: 
4.00, 14.8; 4.05, 67.2; and 2.10, 32.8 (1). 


Industrial Uses 


Ethyl chloride is used as an ethylating 
agent but finds its chief use probably as a 
local anesthetic by freezing. While formerly 
somewhat used to produce general anesthe- 
sia by inhalation, its present use for this pur- 
pose is minor. It has had a certain amount of 
application for refrigeration purposes and 
has also had some limited use as a solvent 
for such substances as sulfur, phosphorus, 
oils, resins, and waxes. 


Toxicity 

Our knowledge concerning the toxicity of 
ethyl chloride stems largely from its use as 
an inhalation anesthetic. Anesthesia is rap- 
idly attained and disappears very promptly 
because of the high volatility of ethyl chlo- 
ride, and it therefore has been of service as 
an anesthetic for minor surgery. While anes- 
thesia is attained in from 2 to 5 minutes, 
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complete muscular relaxation is often ab- 
sent and for general use it is often adminis- 
tered to induce anesthesia which is. then 
maintained with ether. It has about the same 
danger as chloroform in its effect on the 
heart muscle. A number of fatalities have oc- 
curred in the use of ethyl chloride as an an- 
esthetic—about one to 3,000 of those an- 
esthetized, according to Cushny (2). There 
are slight symptoms of irritation following 
its inhalation but the toxic effect compared 
with other hydrogenated hydrocarbons is 
comparatively weak. Ethy] chloride is easily 
absorbed from the mucous membranes of 
the lungs and also from the skin. Distribu- 
tion, as well as elimination, is rapid. In ani- 
mal experiments, some evidence of kidney 
irritation and accumulation of fat occurs in 
the kidneys, cardiac muscle, and liver. Say- 
ers and his associates (3) carried out ex- 
tensive exposure of animals to ethyl] chloride 
and found that while concentrations of 15 
to 30 per cent were rapidly fatal, no deaths 
occurred in animals exposed for as long as 
270 minutes to 4 per cent by volume of ethyl 
chloride vapor. Two per cent by volume of 
the vapor caused no symptoms other than 
slight to moderate unsteadiness and one per 
cent caused no distinct objective symptoms 
whatever. These investigators indicate that 
the order of toxicity at low concentration 
and following long exposure was least for 
ethyl chloride, increasing with ethyl bro- 
mide, greater with methyl chloride, and 
finally methyl bromide which was the most 
toxic of all four substances. 


Analysis 

Owing to its ease of hydrolysis, ethyl chlo- 
ride may be determined as an atmospheric 
contaminant by trapping the vapor in alka- 
line alcohol, followed by complete hydrolysis 
and determination of the resulting inorganic 
chloride. Combustion methods may also be 
used either by drawing air samples over 
platinized asbestos or in sufficiently high 
concentrations of ethyl chloride vapor by 
the use of a gas explosion pipette with oxy- 
gen and electrolytic gas. 
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ETHYLENE CHLOROHYDRIN 


Characteristics 


Ethylene chlorohydrin, chloroethyl alco- 
hol, 2-chloro-ethanol, 1-hydroxy-2-choloro- 
ethane, CH,CI—CH2OH, is a colorless, 
mobile liquid with an indefinite odor some- 
what resembling a mixture of ethyl alcohol 
and ether. It has a molecular weight of 80.49, 
boiling point of 128 to 132° C., melting point 
of —69° C., and density p 20/20 of 1.2045, 
and it is miscible with water, ether, or alco- 
hol. Its vapor tension at 20° C. is 5.8 milli- 
meters of mercury and its flash point is 
60° C. It is prepared by the action of hypo- 
chlorous acid on ethylene. The latter is ob- 
tained in large amounts from petroleum 
cracked in the vapor phase or from cracked 
natural gas. A certain amount is found in 
coke oven gas. The ethylene is trapped in 
acetone, in which it is soluble, by passing 
the gas through absorption towers under 
pressure. When this solution is sent through 
an expansion chamber, pure ethylene gas 
escapes. In practice sodium hypochlorite is 
used for the preparation of ethylene chloro- 
hydrin and free hypochlorous acid is liber- 
ated only at the time of reaction with ethyl- 
ene gas. When heated with water at 100° C., 
ethylene chlorohydrin yields glycol and 
acetaldehyde. With potassium hydroxide, 
ethylene is evolved while chromic oxide oxi- 
dizes ethylene chlorohydrin to chloroacetic 
acid. 


Industrial Uses 


The greater part of the ethylene chlorohy- 
drin produced is used as an intermediate for 
the production of such substances as ethyl- 
ene glycol, amines, carbitols, indigo, malonic 
acid, novocaine, and, in general, for the in- 
troduction of the hydroxyethyl group in or- 
ganic syntheses. It is used for treating po- 
tatoes, particularly sweet potatoes, before 
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planting in order to activate sprouting (1). 
Ethylene chlorohydrin is used as an indus- 
trial solvent especially for cellulose acetate 
and other cellulose esters and in the manu- 
facture of certain insecticides. 


Toxicity 

Ethylene chlorohydrin has an irritant ef- 
fect on mucous surfaces and is a powerful 
renal, nerve, hepatic, and vascular poison. 
The vapor appears to be more lethal than 
ethylene dichloride (2). The symptoms of 
poisoning in man are nausea, vomiting, pains 
in the head and vicinity of the breast, and 
stupefaction. In fatal cases, lung edema with 
great extravasation of blood into the alveoli 
occurs with slight congestion of the cerebral 
cortex and marked edema of the cerebral 
hemispheres. In industry, the inhalation of 
ethylene chlorohydrin vapor constitutes the 
main hazard, but in certain operations re- 
peated contamination of the clothes with the 
liquid and consequent direct skin contact 
occurs when proper precautions are not 
taken. The toxicity from skin contact has 
been reported as quantitatively greater than 
that by mouth (3). The fatal case described 
by Middleton (4) appears to have been 
chiefly caused by skin absorption. Goldblatt 
has revealed evidence that ethylene chloro- 
hydrin is a cumulative poison. A number of 
cases of poisoning developed in a plant where 
the atmospheric concentration was about 18 
parts per million (2). Dierker and Brown 
(5) reported a fatal case of ethylene chloro- 
hydrin poisoning due to inhalation of 1 milli- 
gram per litre of air. In the seven cases re- 
ported by Koelsch (6), two of which were 
fatal, the atmospheric concentration of eth- 
ylene chlorohydrin does not appear to have 
been determined with any certainty. Gold- 
blatt (2) recommends an atmospheric con- 
tent of no more than 2 parts per million in 
workrooms but admits that this may be diffi- 
cult to attain. The majority of the states in 
the United States regard the maximum al- 
lowable concentration of ethylene chloro- 
hydrin as 10 parts per million. However, 
Ambrose (7) has found that ethylene chlor- 
hydrin at a concentration of 7.5 parts per 
million is fatal to rats breathing it for 1 
hour. Ballotta, Bertagni, and Troisi (8) de- 
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scribe a fatal case of poisoning caused by the 
ingestion of a small quantity of ethylene 
chlorhydrin. The symptoms of poisoning 
were nausea, headache, delirium, coma, and 
collapse. 


Analysis 


In common with the other commercial 
chlorinated hydrocarbons, there is no spe- 
cific analytical method for the evaluation 
of ethylene chlorohydrin as an aerial con- 
taminant. However, it yields the reactions 
common to chlorinated hydrocarbons in gen- 
eral and in the absence of similar halogen- 
ated compounds, ethylene chlorohydrin may 
be quantitatively evaluated by passing the 
contaminated air through gas bubblers con- 
taining an absorbent with subsequent hy- 
drolysis of the trapped ethylene chlorohy- 
drin by an alkali. Determination of the 
resulting inorganic chlorides by means of 
the Volhard silver titration method affords 
an index of the amount of ethylene chloro- 
hydrin present in the sample. Either potas- 
sium hydroxide (9) or barium hydroxide 
(10) may be used to effect the hydrolysis of 
ethylene chlorohydrin. 
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ETHYLENEDIAMINE 
Characteristics 
Ethylenediamine, 1 ,2-diaminoethane, 


NH.—CH2.CH2—NHag, is a clear, colorless 
liquid with an ammoniacal odor and strongly 
alkaline reaction. It boils at 116.5° C. and 
melts at 8.5° C. Its density is p 20/20 0.900 
and its index of refraction is n 26/p 1.4540. 
It is prepared by heating ethylene dibro- 
mide, or ethylene dichloride, with ammonia. 
Ethylenediamine is volatile with steam, is 
miscible with water, forming a hydrate, and 
dissolves in alcohol. It is slightly soluble in 
ether but insoluble in benzene. The hydrate 
melts at 10°C. and boils at 118° C. It ab- 
sorbs carbon dioxide from the air on stand- 
ing. 


Uses 


EKthylenediamine is used as a solvent for 
sulfur, casein, albumin, and shellac, as an 
inhibitor in anti-freeze solutions, and as a 
rubber latex stabilizer. 


Toxicity 

Carpenter, Smyth, and Shaffer (1), in 
their investigation of the acute inhalation 
toxicity of ethylenediamine, found this sub- 
stance to be from 1/40 to 1/100 as toxic as 
ethyleneimine in single 8-hour inhalation 
exposures. Dernehl (2) has described 14 
cases of dermatitis, three of burns, one of 
chronic recurrent headache, and three of 
asthma among workers exposed to alkyl 
amines, including ethylenediamine. The lat- 
ter appears to be both irritating and aller- 
genic. Sensitization occurs both on contact 
and inhalation with susceptible individuals. 
Pozzani and Carpenter (3) exposed rats re- 
peatedly to the vapor of ethylenediamine at 
484 parts per million with the result that all 
died within 20 days with loss of hair, kidney 
injuries, and somewhat less involvement of 
the liver and lungs. At 132 parts per million 
no other effect than loss of hair was appar- 
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ent, and no effect whatsoever was apparent 
at 59 parts per million. Brief human expo- 
sure to 100 parts per million was not objec- 
tionable but tingling of the skin and nose was 
apparent at 200 parts per million and a con- 
centration of 400 parts per million was in- 
tolerable. Smyth (4) found that exposure of 
rats to 2,000 parts per million for 8 hours did 
not kill the animals, but 4,000 parts per mil- 
lion proved fatal. Death was chiefly due to 
kidney injury, with some injury also to the 
lung. The liquid ethylenediamine irritated 
the skin and severely injured the cornea. 
Smyth considers the most important effects 
of inhalation exposure to ethylenediamine 
to be respiratory tract irritation, kidney 
damage, and sensitization. 
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ETHYLENE GLYCOL 


Characteristics 


Ethylene glycol, glycol alcohol, glycol, 
HO—CH,—CH.—OH,, is a clear, colorless, 
syrupy liquid with a sweet taste and hygro- 
scopic properties. It is somewhat less viscous 
than glycerol. Its boiling point is 197.85° Gg 
melting point —12.6° C., density p 20/4 
1.11361, and index refraction n 20/d 1.43192. 
When heated with powdered potassium acid 
sulfate, ethylene glycol yields acetaldehyde 
which differentiates it from glycerol. Ethy]- 
ene glycol may be obtained from ethylene 
bromide by heating it with sodium formate 
in the presence of methyl alcohol. Commer- 
cially, however, ethylene glycol is made by 
heating ethylene chlorhydrin with sodium 
bicarbonate or by heating ethylene chloride 
with an alkali carbonate and alcohol under 
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pressure. While freely soluble in water, eth- 
ylene glycol is immiscible with ether, ben- 
zene, chloroform, and a number of other or- 
ganic solvents. Its vapor pressure is low and 
amounts to only 0.09 millimeter of mercury 
at 20° C. The vapor pressure of triethylene 
glycol is 0.001 millimeter of mercury at 
25° C. 


Industrial Uses 


During 1954, 637,901,000 pounds of ethy]- 
ene glycol were produced in the United 
States. It is used as an anti-freeze for auto- 
mobiles and for motor cooling and is a valu- 
able starting material for the manufacture 
of explosives. Its hygroscopic and solvent 
properties make it useful as a softener in 
lacquers, printing inks, wood stains, glue 
mixtures, textile processing, and for moisten- 
ing tobacco. It is a solvent for fruit flavors, 
food preparations, toilet preparations, elec- 
trical insulation compositions, and dopes. 
Both triethylene glycol and propylene glycol 
have been recommended as aerial disinfect- 
ants. 


Toxicity 


Owing to its low volatility ethylene glycol 
is not hazardous from the point of view of 
exposure to its vapor at room temperature. 
However, it is toxic when administered by 
mouth and was considered by Hunt (1) to be 
as toxic as methyl alcohol, although less 
dangerous because it is not absorbed so read- 
ily. The relative acute toxicities (substances 
administered by stomach tube in single 
doses) of some glycols and derivatives were 
determined for mice, rats, and guinea pigs 
by Laug and his associates (2) and in the 
order of increasing toxicities are as follows: 
propylene glycol, diethylene glycol, ethylene 
glycol, diethylene glycol mono-ethyl-ether, 
dioxan, and ethylene glycol mono-ethyl- 
ether. These authors concluded as a result 
of both acute and chronic studies that with 
the exception of propylene glycol these sub- 
stances should be entirely omitted from food 
and drug preparations. Propylene glycol 
should be avoided except in very small con- 
centrations. Several deaths have been re- 
ported from drinking ethylene glycol anti- 
freeze fluid. The symptoms which occur are 
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vomiting, somnolence, prostration, stupor, 
and coma. Ethylene glycol taken by mouth 
is apparently rapidly oxidized to oxalic acid. 
Crystals of the latter are deposited in abun- 
dance in the renal tubules. Death may result 
from renal failure or acute cardiac failure. 
Apart from its toxicity by mouth, ethylene 
glycol is an unlikely industrial hazard. This 
also applies to numerous related glycols. 
Smyth and his associates (3) found the skin 
irritant properties of the polyethylene gly- 
cols to be negligible. Diethylene glycol used 
in a commercial “elixir” was the cause of 
mass poisoning a few years ago in which at 
least 73 persons died. Karel and his asso- 
ciates (4) found the relative toxicity of the 
various glycols as determined by intraperi- 
toneal injection in mice and expressed in 
LDs50 (millimoles per kilogram) to be as 
follows: ethylene glycol, 90.55; diethylene 
glycol, 91.67; triethylene glycol, 54.27; pro- 
pylene glycol, 127.87, and dipropylene gly- 
col, 33.54. No maximum allowable concen- 
tration value for ethylene glycol has so far 
been established. 

According to Fitzhugh and Nelson (5) tri- 
ethylene glycol is less toxic to animals than 
diethylene glycol. The oral LDs5o doses of 
14.8, 7.7, 23.7, and 4.4 milliliters per kilo- 
gram for diethylene glycol in rats, guinea 
pigs, mice, and rabbits, respectively, com- 
pare to similar doses of 16.8, 7.9, 18.7, and 
8.4 milliliters per kilogram for triethylene 
glycol. Diethylene glycol at concentrations 
of 1, 2, and 4 per cent in the diet of rats for 
2 years produced the toxic effects of bladder 
tumors and bladder stones. The extent of the 
lesions was related to the dosage of the gly- 
col. Similar doses of triethylene glycol pro- 
duced no toxic effect. Lauter and Vrla (6) 
found that rats could tolerate without toxic 
effect 3 per cent aqueous solutions of trieth- 
ylene glycol as drinking water for 30 days, 
but that when 5 per cent triethylene glycol 
was used, the rats showed definite effects 
of a deleterious nature. 

In investigating the use of glycol vapors 
for disinfecting air, Bigg, Jennings, and 
Fried (7) found that the concentration of 
propylene glycol and triethylene glycol va- 
pors necessary to produce bactericidal action 
is 0.1 milligram per liter and 0.005 milligram 
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per liter, respectively, and that these con- 
centrations appear to be free from health 
hazards and offer no fire or explosive hazard. 
The occupants of the treated rooms experi- 
enced no discomfort due to the glycol fumes. 
Triethylene glycol is preferred over propyl- 
ene glycol because smaller amounts of the 
former are bactericidal. However, a January 
1947 press release by the Director of the Na- 
tional Institutes of Health stated that the 
consensus of committees of the National Re- 
search Council and the American Public 
Health Association was that the use of either 
glycol vapors or ultraviolet radiation in re- 
ducing upper respiratory diseases is still 
purely in the experimental stage (8). 


Analysis 


Owing to its low vapor pressure ethylene 
glycol is unlikely to be an aerial contaminant 
except as mist. Methods for the determina- 
tion of ethylene glycol have been developed 
by Seikel (9). These depend upon either con- 
version to its ditrityl ether or oxidation with 
lead tetraacetate. Ethylene glycol may be 
identified by conversion to its dibromide, 
boiling point 129°C.; diacetate, boiling 
point 187° C.; dibenzoate, melting point 73° 
C., or dicarbanilate, melting point 157° C. 
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ETHYLENE GLYCOL 
MONO-n-BUTYL 
ETHER 


Characteristics 


Ethylene glycol mono-n-buty] ether, B-n- 
butoxyethanol, n-butyl B-hydroxy ethyl 
ether or butyl] “cellosolve”’, CsHy,OCH.2CH2:- 
OH, is a colorless, mobile, odorless, or mildly 
rancid smelling liquid boiling at 170 to 176° 
C. and having a density of p 15/15 0.9188, 
an index of refraction n 26/p 1.4177, and a 
flash point of 74° C. Its solubility in water 
is 5 per cent at 20° C. The vapor pressure of 
butyl! cellosolve is 2 millimeters of mercury 
at 30° C. Butyl cellosolve with phosphorus 
trichloride in pyridine reacts to form n-buty] 
8-chlorethyl ether which has a boiling point 
of 154.5° C.; with phosphorus tribromide in 
pyridine, it yields n-butyl B-bromethy] ether 
(boiling point 172° C.) 


Industrial Uses 


Butyl] cellosolve is used in industry as a 
solvent for cellulose nitrate and other cellu- 
lose esters and ethers. It has other solvent 
uses with reference to resins, oils, greases, 
and albumin and has occasional use in dry 
cleaning as a component of dry-cleaning 
soaps. It is also used to some extent in the 
paint and lacquer industry. Its principal 
advantage in lacquers results from its high 
boiling point and its delay in hardening 
which imparts a slight increase in gloss to 
the film. It, however, contributes little if 
anything to the flow or blushing characteris- 
tics of lacquers. 


Toxicity 

Buty! cellosolve has been found to have a 
local irritating effect on mucous membranes 
and to produce kidney poisoning. The fatal 
dose following subcutaneous injection into 
mice has been found to be 0.5 milliliter per 
kilogram of body weight (1). Smyth and his 
associates (2) have determined the single 
dose toxicity by oral administration of butyl 
cellosolve for rats and guinea pigs. The LDso 
for rats was 1.48 gram per kilogram of body 
weight and for guinea pigs was 1.20 gram per 
kilogram of body weight. Von Oettingen and 
his associates (3) studied the effect of ex- 
posure of mice to the vapors of butyl cello- 
solve at various concentrations and over 
various periods of time. Single 7-hour expo- 
sures of mice produce occasional lung or 
kidney changes. The usual sign of toxic ac- 
tion is dyspnea and an additional common 
sign at high concentrations is severe hemo- 
globinuria. Dogs exposed to 400 parts per 
million of the butyl derivative show blood 
changes somewhat similar to those produced 
by exposure to 800 parts per million of the 
ethyl derivative. Furthermore, the inhala- 
tion of butyl cellosolve vapor produces a 
moderate blood urea retention in dogs (4). 
Lehmann and Flury (5), in a study of 
chronic poisoning with various animals fol- 
lowing repeated inhalation of 2.5 milligrams 
per liter of butyl cellosolve in air for 8 hours 
daily, found definite symptoms of kidney in- 
flammation. With the exception of one case 
of a factory worker showing hematuria fol- 
lowing exposure to butyl cellosolve vapor 
used as an enamel solvent (6), no other cases 
of poisoning have been reported in industry. 


REFERENCES 


1. von Oettingen, W. F., and Jirouch, E. A.: The 
pharmacology of ethylene glycol and some of 
its derivatives in relation to their chemical 
constitution and physical chemical properties. 

. Pharmacol. Exptl. Therap. 42: 355 (1931). 

2. Smyth, H. F., Jr., Seaton, J., and Fischer, L.: 
The single dose toxicity of some glycols and 
Pree J. Ind. Hyg. Toxicol. 23: 259 

3. Werner, H. W., Mitchell, J. L., Miller, J. W., and 
von Oettingen, W. F.: The acute toxicity of 
vapors of several monoalkyl ethers of ethyl- 
ene glycol. J. Ind. Hyg. Toxicol. 25: 157 (1943). 

4. Werner, H. W., Mitchell, J. L., Miller, J. W., and 
von Oettingen, W. F.: Effects of repeated ex- 
posure of dogs to monoalkyl ethylene glycol 


OYOL Ga. « 


CARBON COMPOUNDS 


ope — J. Ind. Hyg. Toxicol. 25: 409 
5. Lehmann, K. B., and Flury, F.: Toxicology and 
Hygiene of Industrial Solvents. The Williams 
& Wilkins Co., Baltimore, 1943, p. 279. 
6. Browning, E.: Toxicity of Industrial Organic 
iy hee Chem. Publ. Co., New York, 1938, 
p. 344. 


ETHYLENE GLYCOL 
MONOETHYL 
ETHER 


Characteristics 


Ethylene glycol monoethyl ether, Cello- 
solve, C.H;—O—CH.—CH.OHJ, is a color- 
less liquid having a density p 20/4 0.9297, a 
boiling point of 134.8° C., and an index of 
refraction n 20/p 1.40797. Its flash point is 
56.6° C. and its vapor pressure at 20° C. is 
6.2 millimeters of mercury. It is miscible 
with water and various organic solvents. On 
boiling with 48 per cent hydrobromic acid, 
it yields ethylene bromide (boiling point 
129° C.) and ethyl bromide boiling at 158° 
C. On oxidation with potassium chromate 
and sulfuric acid or on dehydrogenation over 
copper at about 425°C., it yields ethoxy- 
acetaldehyde. The acetate is not recom- 
mended as a derivative for the identification 
of ethylene glycol monoethy] ether. Cello- 
solve is synthesized industrially by the in- 
teraction of ethylene glycol and dimethyl 
sulfate in the presence of sodium hydroxide. 
It is also prepared when ethylene oxide under 
pressure is pumped into an autoclave in 
which absolute ethyl] alcohol is present in an 
amount slightly in excess of that demanded 
by theory. About a 70 per cent yield is ob- 
tained by this process. 


Industrial Uses 


Since the first important solvent for nitro- 
cellulose was a mixture of ether and alcohol, 
it was felt that a single derivative consisting 
of a combination of the ether and alcohol 
groups in a single molecule would have good 
solvent properties for this substance. Ethyl- 
ene glycol monoethyl ether, one of the first 
compounds of this type, was marketed under 
the name Cellosolve and has since been an 
important commercial solvent for nitrocellu- 
lose. Many similar derivatives have since 
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come into commercial production. Cellosolve 
can be diluted with nonsolvents far better 
than other solvents of a similar boiling 
range. In addition to the above use, it is used 
as a solvent for natural and synthetic resins, 
as a lacquer, and as a varnish remover. 


Toxicity 


Unless inhaled in considerable amount, 
the toxic effects of ethylene glycol monoethyl] 
ether are negligible. It has a slight irritating 
effect on the mucous membranes and in 
quantity produces some hyperemia of the 
kidneys and occasional hemorrhage into the 
gastric mucosa. While it has but little odor 
in low concentrations, in high concentrations 
it is found to possess a disagreeable odor 
which acts as a warning agent. Waite, Patty, 
and Yant (1) exposed guinea pigs to con- 
centrations of the vapor of this substance in 
air up to that quantity which produced 
death. Exposure to 0.6 per cent for 24 hours 
caused death at the end of the exposure; 
exposure to 0.3 per cent for 24 hours caused 
death 24 hours following exposure; exposure 
to 0.6 per cent for 1 hour, 0.3 for 4 hours, 
and 0.5 for 14 hours caused no apparent 
harm. The minimum lethal concentration 
value for ethylene glycol monoethyl ether 
in mice was found by Werner and his asso- 
ciates (2) to be 6.7 milligrams per liter or 
1,820 parts per million. According to Brown- 
ing (3), examination of workers using lac- 
quer-containing Cellosolve has revealed no 
definite symptoms and very slight physical 
signs which might point to changes in the 
liver or kidneys. Workmen who had worked 
with the solvent for as long as 13 years in 
lacquer and paint manufacture gave no in- 
dication of injury to health from this source. 
The maximum allowable concentration 
value has been set by various agencies as be- 
tween 100 and 500 parts per million. 


Anaylsis 


The determination of small amounts of 
ethylene glycol monoethyl ether as an at- 
mospheric contaminant presents a number 
of difficulties—notably the effective trap- 
ping of the contaminant and a suitable 
method for its final evaluation. Werner and 
Mitchell (4) have devised a method which, 
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tested over the range of 1.36 to 10.30 milli- 
grams per liter, is accurate within about +4 
per cent. In this method, samples of air were 
secured in evacuated flasks, the organic ma- 
terial oxidized with known amounts of 
standardized potassium dichromate solu- 
tion, and the dichromate consumed deter- 
mined by titration. The exact conditions 
necessary for oxidation were carefully inves- 
tigated. 
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ETHYLENE GLYCOL MONOETHYL 
ETHER ACETATE 


Characteristics 


Ethylene glycol monoethy] ether acetate, 
CH3COOCH.2CH.0C2H,, having the trade 
name Cellosolve acetate, is a colorless liquid 
with a mild, pleasant, ester-like odor. It has 
a boiling point of 156.2° C., density p 20/20 
0.975, index of refraction at 25° C. 1.4030, 
vapor pressure 1.09 millimeters of mercury 
at 20° C. and 3.5 millimeters at 30° C., and 
the flash point is 65° C. Its solubility in 
water is only 29 milliliters per 100 milliliters 
of water at 20° C., but it is miscible with 
aromatic hydrocarbons. 


Industrial Uses 


Cellosolve acetate is a solvent for nitro- 
cellulose, oils, and resins. As it is a high boil- 
ing solvent, it is seldom used in standard 
lacquers since it delays the complete harden- 
ing of the film, but it is used in some spe- 
cialty lacquers to increase the gloss. For 
this reason, it is especially useful in auto- 
mobile lacquers where it, is used to retard 
evaporation and to impart high gloss. 


INDUSTRIAL TOXICOLOGY 


Toxicity 

The toxicity of Cellosolve acetate in mice 
by cutaneous injection as compared with 
other ethylene glylcol derivatives was found 
by von Oettingen and Jirouch (1) to be in 
the following order—buty] cellosolve (most 
toxic), ethylene glycol, diethylene gylcol, 
Cellosolve, carbitol, Cellosolve acetate, and 
dioxane. The minimum lethal dose for mice 
for Cellosélve acetate was 5 milliliters per 
kilogram of body weight. Lehmann (2) 
found the inhalation of 0.045 per cent of the 
vapor in air for 8 hours daily repeated 12 
times was tolerated by two mice, two guinea 
pigs, and one rabbit, while one rabbit and 
two cats died. Smyth and his associates (3) : 
in determining the single dose toxicity of 
some glycols and derivatives, found the LD 
of Cellosolve acetate for rats to be 5.1 grams 
per kilogram and for guinea pigs, 1.91 gram, 
which is about midway in the group of some 
60 glycols and related compounds. In ani- 
mal experiments, 300 to 400 parts per million 
show small but measurable effects on the 
cellular elements of the blood. The vapors 
may lead to eye irritation and may in- 
fluence taste and odor perception. In higher 
concentrations, it is a central nerve depres- 
sant and may act adversely on the renal 
system. Though there is not much direct in- 
formation on toxicity to man, the deviation 
from the usual blood picture may constitute 
a prime warning of damage (4). 


Analysis 


Seikel and Huntress (5) have devised a 
simplified procedure for the identification of 
various glycols based upon the preparation 
of their trityl ethers. Detailed methods of 
procedure and physical constants (melting 
point, solubility, and crystal form) are given 
for various Cellosolves, Quantitative deter- 
mination of Cellosolve acetate as an aerial 
contaminant can be made by a modification 
of Elkins’ method (6) for methyl] Cellosolve. 
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ETHYLENE GLYCOL MONOMETHYL 
ETHER 


Characteristics 


Ethylene glycol monomethyl ether, 
methyl Cellosolve, CH;0CH2CH.OH, is a 
volatile liquid of not unpleasant odor with 
a density p 20/4 0.9647, boiling point 124.5° 
C., and index refraction n 20/p 1.40238. The 
vapor pressure is 7 millimeters of mercury 
at 20° C. and the flash point is 46° C. It is 
completely soluble in water. Methyl Cello- 
solve has the most rapid rate of evaporation 
and the lowest boiling point of the com- 
mercially available glycol ethers. On oxida- 
tion with sodium dichromate and sulfuric 
acid or by dehydrogenation over copper at 
about 425° C., ethylene glycol monomethy] 
ether yields methoxyacetaldehyde (boiling 
point 92.3° C.). Methyl Cellosolve is pre- 
pared by the alcoholysis of ethylene oxide 
with methy] alcohol. 


Industrial Uses 


Ethylene glycol monomethy!] ether is a 
solvent for cellulose esters. Its high solvent 
power and lack of odor make it useful as a 
solvent in lacquer and thinner mixtures, as 
well as in quick-drying varnishes and en- 
amels. In the plastics industry, it is used in 
making cellulose acetate compositions. 
Methy! Cellosolve is one of the few solvents 
for cellulose acetate which boil between 110° 
and 130 °C. and which are not too fast from 
the standpoint of flow and not too slow for 
good speed of hardening. It has the dis- 
advantage of blushing and is therefore not 
suitable with nitrocellulose lacquers. In one 
application (the making of fused collars) the 
collar with a lining of cellulose acetate is 
treated with a solvent containing about 33 
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per cent methyl Cellosolve. When heat and 
pressure are applied, the collar becomes stiff 
without the use of starch (1). 


Toxicity 


Starrek (2), upon exposing animals to an 
almost saturated (0.93 per cent) gas-air 
mixture of ethylene glycol methyl ether, 
found that a 1- to 3-hour inhalation caused 
a slight secretion of tears, some coordination 
disturbances, and, in some cases, kidney ir- 
ritation in guinea pigs, cats, and rabbits. 
Cats and rabbits recovered, while several 
guinea pigs died. He found that the in- 
halation of 0.32 volume per cent caused 
equilibrium disturbances after 5 hours and 
prostration after about 6 hours. Werner and 
associates (3) found that when dogs were 
exposed to approximately 500 parts per mil- 
lion of methyl! Cellosolve the most significant 
changes were in the blood and consisted of 
decreased hemoglobin and erythrocytes and 
increased granulocytes and reticulocytes. 
Approximately 800 parts per million of 
Cellosolve and 400 parts per million of butyl 
Cellosolve produced similar but less marked 
effects on the blood. With mice as subjects, 
these investigators determined the minimum 
lethal concentration to be 4.6 milligrams per 
liter or 1480 parts per million, making it 
second only to butyl ether in toxicity. A 
case of fatal poisoning due to the ingestion 
of methyl Cellosolve has been reported by 
Young and Woolner (4). Findings at au- 
topsy in this case were mainly a hemor- 
rhagic gastritis and toxic changes in kidneys 
and liver. Donley (5) reports a case of toxic 
encephalopathy and Parsons and Parsons 
(6) report two cases of toxic encephalopathy 
following expocure to ethylene glycol mono- 
methyl! ether. Ethylene glycol monomethyl] 
ether has been suspected as the cause of 
illness among “fused collar” manufacture 
employees. An investigation made by Green- 
burg and associates (1) found the blood 
picture of employees as a whole to be sug- 
gestive of macrocytic anemia associated 
with a reduction in the platelets and an in- 
crease of young granulocytes. All of the 19 
employees examined had abnormal blood 
pictures but clinically they fell into three 
groups: normal, those with abnormal neuro- 
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logical findings but no symptoms, and those 
with abnormal neurological findings and 
with symptoms of fatigue and drowsiness. As 
a result of this investigation, the authors 
suggested that the concentration of this sub- 
stance in air be kept below 25 parts per 
million. 


Analysis 

The analysis of air for its content of 
methyl Cellosolve may be made by the 
differential oxidation method of Elkins and 
his associates (7). In this method, the sam- 
ple is secured with two standard impingers 
in series containing water. The air sample 
should have a volume of about 30 cubic feet. 
The amount of standard dichromate solu- 
tion consumed by the sample is then found 
by titration, using potassium iodide and 
sodium thiosulfate with starch for the end 
point. This method may be employed in the 
presence of methyl or ethy] alcohol. Acetone 
interferes but can be removed by aeration. 
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ETHYLENE GLYCOL MONOMETHY L 
ETHER ACETATE 
Characteristics 


Ethylene glycol monomethy] ether ace- 
tate, methyl Cellosolve acetate, methyl gly- 


INDUSTRIAL TOXICOLOGY 


col acetate, CHsCOOCH2CH20OCHs, is a 
stable, colorless liquid with a pleasant char- 
acteristic ester odor. It has a boiling point of 
144.5° C., a melting point of —65.1° C., a 
density p 20/20 of 1.0067, a vapor pressure 
of 3.73 millimeters of mercury at 20° C., a 
refractive index n 20/p 1.4019, and a flash 
point of 60° C. It is miscible with water and 
the common organic solvents. 


Industrial Uses 


Methyl glycol acetate is a solvent for 
nitrocellulose, cellulose acetate, other cellu- 
lose esters and ethers, and for various gums, 
resins, waxes, and oils. It is used in the 
manufacture of photographic film, lacquers, 
dopes, and in textile printing. 


Toxicity 


Smyth and his associates (1) investigated 
the toxicity of ethylene glycol monomethyl 
ether acetate and determined the dosage- 
mortality curve for the substance both with 
rats and guinea pigs. These data were based 
on single doses administered by stomach 
tube. This investigation indicated that the 
esters of glycol ethers in general are less 
acutely toxic than the corresponding glycol 
ethers. The LDso dose for rats was found to 
be 3.93 grams of the ester per kilogram of 
animal weight and for guinea pigs, 1.25 gram 
per kilogram of animal weight. In contrast 
with these data, the LDs» dose for ethylene 
glycol monomethy] ether itself was found 
to be 2.46 grams per kilogram for rats and 
0.95 gram per kilogram for guinea pigs. 
According to Lehmann and Flury (2), no 
irritation followed even with repeated brush- 
ing of the undiluted substance on the skin 
of rabbits and inhalation of the approxi- 
mately saturated vapor concentration at 23° 
C. caused only slight irritation of the mucous 
membrane. However, chronic inhalation ex- 
periments when carried out daily for 8 hours 
where the total concentration was 5 milli- 
grams per liter caused the death of cats after 
4 days and rabbits after 6 days. Guinea 
pigs and mice recovered, however, after 
such exposure. Kidney injury was found in 
all cases. No cases of industrial poisoning 
have been reported to date. 


CARBON COMPOUNDS 


Analysis 


Several methods have been proposed for 
the determination of concentrations of the 
ethers of ethylene glycol in air as contami- 
nants. The chemical method (3, 4) depends 
upon the chromic acid oxidation of the 
ether and titration of the excess dichromate. 
A physical method (5) is based upon infra- 
red absorption spectroscopy. Morgan (6) 
has recently proposed a modified alkoxyl 
method applicable to the semi-micro quan- 
titative estimation of ethylene glycol esters. 
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ETHYLENE IMINE 


Characteristics 


Ethylene imine, vinylamine, 
amine, dimethylene imine, 


ethenyl- 


the nitrogen analogue of ethylene oxide, is 
a colorless liquid boiling at 56° C., freezing 
at —71.5° C., and having a density of p 20/4 
0.8321. The vapor pressure of ethylene imine 
at 20° C. is 160 millimeters of mercury and 
its saturation concentration at that tem- 
perature is 376 milligrams per liter (214,000 
parts per million) (1). Ethylene imine is 
very soluble in water and in ether, but some- 
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what less soluble in alcohol. Liquid ethylene 
imine smells strongly of ammonia and has 
basic properties. The compound is very re- 
active and the ring structure is readily 
broken. It combines with hydrobromic acid 
in the cold to form bromoethylamine; with 
hydrogen sufide to form thiodiethylamine; 
with sulfur dioxide to form taurine. With 
benzenesulfochloride and alkali, it forms a 
sulfonamide insoluble in alkali. Ethylene 
imine may be prepared from bromoethy]- 
amine by withdrawal of hydrogen bromide 
with silver oxide or caustic potash. 


Industrial Uses 


Ethylene imine is chiefly of interest in 
organic synthesis—particularly as an inter- 
mediate in the production of compounds of 
importance in the textile industry. 


Toxicity 


While ethylene imine has for some time 
been known to have a corrosive effect on skin 
contact, systemic poisoning arising from ex- 
posure to the vapor of this substance has 
been a matter of only comparatively recent 
investigation. Danehy and Pflaum (2) re- 
ported in 1938 that there was no discomfort 
during exposure to ethylene imine, but that 
after 2 hours there was nausea and vomiting 
with inflammation and swelling of the epi- 
thelium of the mouth, throat, and eyes. The 
symptoms disappear within 1 or 2 days. 
These investigators also found that 2 drops 
of the liquid dissolved in 0.5 milliliter of 
water and injected into the shoulder of a 
cat caused paralysis of the hind quarters 
within 1 hour and death in 10 hours. Silver 
and McGrath (1) found that on exposure 
of mice to ethylene imine, the only observ- 
able symptom was irritation of the eyes and 
nose 1 or 2 minutes after insertion into the 
chamber and throughout the exposure. On 
removal from the chamber, the mice quickly 
presented a normal appearance. Deaths, pre- 
ceded by extreme prostration and complete 
lack of muscular coordination, began to oc- 
cur about 24 hours after exposure and con- 
tinued over the 10-day observation period. 
The LDs5o of ethylene imine for mice, for 
an exposure period of 10 minutes and an 
observation period of 10 days, was 3.93 milli- 
grams per liter (2,236 parts per million). 
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The LDs 9 of ammonia for mice under the 
same conditions was found to be 7.06 milli- 
grams per liter (10,152 parts per million). 
Despite the fact that both compounds are 
strongly alkaline, Silver and McGrath con- 
clude that the modes of physiological action 
are different. Smyth and his associates (3) 
found a similar delayed death in the case of 
guinea pigs and rats. The inhalation of 
ethylene imine vapors at concentrations of 
25 parts per million and above for 8 hours 
killed rats and guinea pigs by a combination 
of lung injury and necrosis of the kidney 
tubular epithelium. Death may be delayed 
several days after an asymptomatic period. 
In single exposures, it was found to be 
several times as toxic as some commonly 
used amines. In addition to its systemic 
effect, the fluid penetrates the skin (although 
the vapors do not) and it is a skin sensitizer 
and necrotizing agent. 


Analysis 


Owing to its basic properties, ethylene 
imine vapor may be determined by neutrali- 
zation with a standard solution of acid. A 
known volume of air containing this con- 
taminant may be drawn through fritted 
glass bubblers containing a measured 
amount of nonvolatile standard acid, such 
as sulfuric acid, and the excess of acid back- 
titrated with standard alkali. 
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ETHYLENE OXIDE 


Characteristics 


Ethylene oxide, 
H, C— CH, 


O 


INDUSTRIAL TOXICOLOGY 


is a combustible gas at ordinary tempera- 
tures and a mobile, colorless liquid below 
12° C. Ethylene oxide has a boiling point of 
10.7° C., a melting point of —111.7° C., a 
density p 0/4 of 0.89713, and a refractive 
index n 7/p of 1.3597. Its vapor pressure at 
—20° C. is 1.09 millimeters of mercury. It 
is miscible with water in all proportions and 
soluble in alcohol, ether, and other organic 
solvents. When ethylene oxide in aqueous 
solution is allowed to stand in contact with 
a small amount of zine chloride or potassium 
hydroxide, it yields a polymeric crystalline 
form which melts at 56° C. When passed 
into cold hydrobromic acid, it yields ethyl- 
ene bromohydrin. Ethylene oxide, which 
was first prepared by Wurtz in 1859, is made 
by the action of caustic alkali on ethylene 
chlorohydrin. 


Industrial Uses 


Ethylene oxide is used as a fumigant for 
foodstuffs and textiles since its vapor is 
highly toxic to insects and their eggs. This 
use which was first proposed by Cotton and 
Roark (1) in 1928 has the advantage over 
certain other fumigants in that its toxicity 
to man is not very great and its low boiling 
point permits its use at relatively low tem- 
peratures. It is also marketed for this pur- 
pose under the trademark Carboxide, which 
is a mixture of 90 per cent carbon dioxide 
and 10 per cent ethylene oxide. The ad- 
dition of the carbon dioxide reduces the 
flammability of the ethylene oxide so that 
there is no fire hazard and this mixture has 
wide application as a fumigant in ware- 
houses and mills. Two pounds of ethylene 
oxide per thousand cubic feet of space is 
sufficient for effective fumigation of food- 
stuffs and textiles. In its use against the 
yeasts, molds, and bacteria that attack 
food, 1 milliliter of a 20 per cent ethylene 
oxide solution per liter of air at 86° F. for 3 
hours is necessary for complete killing (2). 


Toxicity 

Exposure to ethylene oxide produces eye 
and nasal irritation, blood-tinged serous ex- 
udate in the nostrils, unsteadiness, inability 


to stand, respiratory disturbance, dyspnea, 
and death, according to Waite and his as- 


CARBON COMPOUNDS 


sociates (3). The principal pathological 
change noted in animals exposed to this 
gas is marked irritation of the respiratory 
system. Exposure to 5 to 10 per cent of 
ethylene oxide causes death in a few min- 
utes. Three-tenths per cent is the maximum 
for 60 minutes without serious disturbances 
and 0.025 per cent is the maximum allowable 
concentration for several hours without se- 
rious disturbances. Ethylene oxide, accord- 
ing to these investigators, is less harmful 
than hydrogen chloride and sulfur dioxide, 
but is more harmful than chloroform and 
carbon tetrachloride. In high concentrations, 
the irritant properties of ethylene oxide are 
useful as warning of danger. When rubber 
gloves are worn in working with ethylene 
oxide the rubber absorbs the ethylene oxide 
to a marked extent causing dermatitis, ac- 
cording to Royce and Moore (4). While 
ethylene oxide has been suggested as a steri- 
lizing agent for food products, Hawk and 
Mickelsen (5) warn against such use. In 
animal experiments they found that, when 
the foodstuff was treated with ethylene ox- 
ide, its nutritional properties were impaired. 


Analysis 

The concentration of ethylene oxide vapor 
in air may be determined, according to 
Waite and his associates (3), by absorption 
of the oxide in water, in which it is readily 
soluble and to which a measured amount of 
2 normal concentrations of hydrochloric 
acid has been added. The ethylene oxide 
and hydrochloric acid react to form ethylene 
chlorohydrin. The excess acid is titrated 
with standardized barium hydroxide solu- 
tion, as sodium or potassium hydroxide are 
unsatisfactory for this purpose. In compari- 
son with adsorption on activated charcoal, 
good agreement was found by this method. 
Hollingsworth and Waling (6) have recently 
modified Lubatti’s method (7) in which air 
containing ethylene oxide is bubbled through 
a dilute sulfuric acid solution containing a 
high concentration of magnesium bromide. 
The excess or unconsumed acid is found by 


titration. 
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ETHYLENE TETRAFLUORIDE 


Characteristics 


The importance of fluorinated hydro- 
carbons has increased enormously within 
the past few years as new compounds have 
been prepared and as the unique properties 
of these substances have been discovered. 
Anhydrous hydrofluoric acid has been firmly 
established as an alkylation catalyst in the 
petroleum industry; the chlorcfluorohydro- 
carbons are widely used as refrigerants, and 
dichlorodifluoromethane serves as an excel- 
lent propellent in insecticide bombs. Ethyl- 
ene tetrafluoride monomer is a colorless, 
odorless gas having a boiling point of 
—76.3° C. and a freezing point of —142.5° 
C. Several methods have been proposed over 
the past 60 years for the synthesis of tetra- 
fluoroethylene, but this difficult task was 
accomplished in a satisfactory manner only 
in 1933 by Ruff and Bretschneider (1) who 
prepared the substance by decomposing 
tetrafluoromethane in the electric arc. How- 
ever, tetrafluoroethylene remained of aca- 
demic interest only until Plunkett (2) found 
that tetrafluoroethylene may be polymerized 
by subjecting it to superatmospheric pres- 
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sures in the presence of a catalyst, such as 
zine chloride or silver nitrate. 


Uses 


Polytetrafluoroethylene (Teflon) does not 
absorb water and is unaffected by prolonged 
contact with it. Its electrical properties are 
such that it is an especially valuable or- 
ganic insulating product and special applica- 
tion has been made of seamless coated wire 
in which the polymer is extruded about the 
wire to form a plastic sheath. The chemical, 
electrical, and thermal stability of the tetra- 
fluoroethylene polymer has made this sub- 
stance noteworthy in the field of plastics. 
The present uses are varied. It has wide ap- 
plication in gaskets, valve stems, pipes, and 
tubing in the chemical industry where strong 
corrosive agents are in use (3). Its ability 
to withstand heat where other plastics are 
affected is exceptional and its use in electri- 
cal insulation for ultra high frequency has 
made it valuable for use in chemical plants 
where corrosive effects are unusually severe 
for electric wires and cables. No data are 
yet available regarding the output of tetra- 
fluoroethylene in the United States nor the 
extent to which the polymer is manufac- 
tured. 

Toxicity 

The polytetrafluoroethylene product is ex- 
tremely resistant to corrosive agents and 
vapors. None of the common reagents, such 
as boiling mineral acids, aqua regia, boiling 
alkalies, etc., affect the product in the slight- 
est. No substance has been found that will 
dissolve, or even swell, the polymer. None 
of the organic solvents affect it and only 
molten alkali metals appear to attack it. 
Such a substance would be expected to be 
physiologically inert and in fact the polymer 
has been rated as nontoxic (4). However, 
when polytetrafluoroethylene is heated 
above 400° C. volatile gases are evolved 
which have not been completely identified 
and the possibility exists that some of these 
products may be toxic. On the other hand 
the polymer may be heated to 300° C. for 
long periods of time with no change in com- 
position and may be baked at 390° C. with 
only a minute loss in weight. In the mechani- 


cal working of polytetrafluoroethylene dust 


or gases may be given off owing to frictional 
heat where local high temperatures may 


momentarily occur. According to Stokinger 


(5) two types of industrial exposure may 
possibly be harmful. Inhalation of the dust 
of Teflon appears to produce a condition re- 
sembling metal fume fever. This effect dis- 
appears after 24 hours with no after-effects. 
The second type of reaction results from 
inhalation of a very fine sublimate believed 
to contain adsorbed hydrogen fluorides Pul- 
monary edema may result. Seven cases of 
fume fever were reported by Sherwood (6) 
among men working with polytetrafluoro- 
ethylene. 
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ETHYL FORMATE 


Characteristics 


Ethyl] formate, formic ether, HCOOC.H,, 
1s a water-white, unstable liquid with a 
pleasant, aromatic odor. It has a boiling 


point of 54.2° C., a melting point of 79.4° Onn 


density B 20/4 of 0.92247, index of refrac- 
tion n 20/p of 1.3597, flash point —19° Gx 
and a vapor pressure of 200 millimeters of 
mercury at 20.6° C. At 20° C., 10 per cent by 
volume is soluble in water. It is miscible 
with benzene, alcohol, and ether. In contact 
with water, it gradually hydrolyzes into 
formic acid and alcohol. Ethyl formate 
forms no constant boiling mixture with 
either ethyl alcohol or formic acid. It does, 
however, form a binary constant boiling 
mixture having a boiling point of 62.8°C 


‘ 
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with chloroform, the mixture having the 
composition 13 per cent ethyl formate and 
87 per cent chloroform. Ethyl formate is 
prepared by heating ethyl alcohol with 
formic acid in the presence of sulfuric acid 
followed by distillation. 


Industrial Uses 


An estimate of the importance of ethy] 
formate in industry is indicated by the fact 
that production in the United States in 1953 
amounted to 215,000 pounds. As in the case 
of certain other alkyl esters, ethyl formate 
has properties which make it suitable for use 
as a flavoring agent in such products as 
lemonades and essences. It is also used for 
the manufacture of artificial rum and arrac. 
Perhaps its principal use is in the solvent 
industry, since ethyl formate is a good sol- 
vent for nitrocellulose. It is used in the syn- 
thesis of organic compounds and as a fungi- 
cide and larvicide for dried fruits, tobacco, 
and cereals. 

Toxicity 

The toxic effects of ethyl formate are pri- 
marily those of irritation and narcosis. Even 
after a short period of exposure, ethyl for- 
mate produces such pronounced irritation of 
the eyes and upper respiratory mucous sur- 
faces that further exposure is difficult to en- 
dure. This doubtless is due to the slow hy- 
drolysis which occurs in contact with moist 
surfaces with the corresponding formation of 
formic acid. As is well known, formic acid 
is extremely painful in contact with mucous 
surfaces and as a consequence the irritant 
action of ethyl formate far transcends that 
of ethyl acetate or ethyl butyrate. According 
to Flury and Zernik (1), a concentration of 
330 parts per million produces slight irrita- 
tion of the eyes and rapidly increasing irri- 
tation of the nose. The symptoms subside 
only after several hours. In air heavily con- 
taminated with ethyl formate, deep narcosis 
occurs within a few minutes, followed by 
death within a few hours. While ethyl] for- 
mate has an irritant action on mucous mem- 
branes and produces paralysis of the central 
nervous system, it is apparently less toxic 
than either butyl or amyl formate, accord- 
ing to Browning (2). Flury and Zernik state 
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that the narcotic dose is the same as the 
lethal dose, 7.e., 10,000 parts per million. No 
industrial poisoning with ethyl formate has 
so far been reported. 


Analysis 


While no specific method of analysis has 
been developed for the determination of 
ethyl formate as an aerial contaminant, ad- 
vantage can be taken of the ease with which 
this materral is hydrolyzed in alkali. In the 
absence of other esters, air samples can be 
passed through alcohol, hydrolyzed with a 
known amount of standard solution, and 
back-titrated with standard acid. 
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ETHYL OXALATE 


Characteristics 


Ethyl oxalate, diethyl oxalate, oxalic 
acid diethyl ester, diethyl ethanedioate, 
C2.Hs00C-COOC2H,g, is a liquid, boiling 
at 185.7° C. It melts at —40.6° C. and has a 
density of p 20/4 1.0785. Its index of refrac- 
tion is n 20/p 1.41011. Ethyl oxalate may be 
prepared directly from anhydrous oxalic 
acid and ethyl alcohol without a catalytic 
agent. The water formed during the reac- 
tion can be removed azeotropically (1). The 
ester has an aromatic odor, distils without 
decomposition, but is extremely readily hy- 
drolyzed. It is miscible with alcohol, ether, 
and other organic solvents. 


Uses 


Ethyl! oxalate is used in the manufacture 
of ethyl benzyl malonate, phenobarbital, 
triethylamine and other compounds, dye- 
stuff intermediates, and plastics. It is a sol- 
vent for cellulose nitrate and acetate and is 
used in the perfume industry. 


Toxicity 
Owing to the rather high boiling point of 
ethyl oxalate one would not expect it to 
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present a very great inhalation hazard. 
However, it has been used together with 
butyl acetate as a solvent for cellulose esters 
used in spray painting. Desoille and his as- 
sociates (2) found that workmen exposed 
to concentrations varying from 0.76 milli- 
gram per liter to 0.46 milligram per liter of 
ethyl oxalate in air have a lowered erythro- 
cyte count, a somewhat lower white cell 
count, slight eosinophilia, and sometimes 
neutropenia. These symptoms appeared 
after about four weeks of daily exposure. 
When rabbits were similarly exposed they 
developed a slight anemia. 

While no fatal cases of poisoning from 
ethyl oxalate have been reported, it should 
be considered a potentially toxic substance. 
On inhalation hydrolytic cleavage would be 
anticipated, with resultant irritant action of 
the liberated oxalic acid (q.v.). Adequate 
ventilation should therefore be provided 
where the possibility of exposure to ethyl 
oxalate exists. 


Analysis 


While no method has been reported for 
the analysis of air samples containing ethyl 
oxalate, advantage could be taken of its ease 
of hydrolysis. Refluxing in alkaline solution, 
followed by distilling off the alcohol, with 
subsequent acidification and permanganate 
titration, should prove an effective proce- 
dure. A cleaner separation would doubtless 
follow precipitation as calcium oxalate prior 
to titration. 
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ETHYL SILICATE 


Characteristics 


Kthly silicate, tetraethy] o-silicate, Si(O- 
CoHs5)4, is a colorless, inflammable liquid of 
faint ethereal odor having a boiling point of 
165 to 166° C., a freezing point of —77° Gy 
a specific gravity of p 20/4 0.933, an index 
of refraction of n 25/p 1.439, and a flash 
point of 52° C. It is insoluble in water and 


slowly hydrolyzes in contact with this me- 
dium to alcohol and silicic acid, which in 
turn dehydrates to an adhesive form of sil- 
ica. It is miscible with ethanol. The misci- 
bility characteristics of three component 
systems in which other solvents, such as ace- 
tone or ethanol and water, are used have 
been investigated by Cogan and Setterstrom 
(1). The hydrolysis of ethyl silicate is ac- 
celerated by the addition of minute amounts 
of mineral acids. 


Industrial Uses 


Ethyl silicate is becoming increasingly 
important commercially as new uses are 
found for its singular properties. It is used 
as a preservative and hardening agent for 
stone and concrete and as a weatherproofing 
and waterproofing cement. Some application 
has been found for it as a vehicle for spe- 
cialty surface coatings where heat resistance 
or adherence to glass is required. It is used 
as a bonding agent for comminuted mate- 
rials. The sticky colloidal silica formed by 
hydrolysis dries to a hard, vitreous-like sub- 
stance that is insoluble in water, will with- 
stand high temperatures, and is inert with 
reference to surrounding material. It is es- 
pecially valuable as a binding agent in molds 
for casting metals in which exacting dimen- 
sions must be maintained and where machin- 
ing cannot be done. Paints formulated with 
ethyl silicate and containing inert pigments 
are resistant to heat and chemical fumes and 
are fire-retardant. Although nitrocellulose 
and other cellulose esters formulated with 
ethyl silicate show good adhesion to glass, 
even better results are obtained with hydro- 
lyzed solutions. 


Toxicity - 

The physiological properties of ethy] sili- 
cate have been investigated by Kasper, Mc- 
Cord, and Fredrick (2) and by Smyth and 
Seaton (3). The former concluded that 1,060 
to 2,350 parts per million is fatal to rats after 
4 hours of exposure. Smyth and Seaton noted 
the symptoms in guinea pigs following expo- 
sures of various periods of time to concen- 
trations varying between 395 and 3070 parts 
per million both in air of 70 per cent humid- 
ity and also at several concentrations in dry 
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air. The symptoms exhibited by the animals 
were in order of development: irritation of 
the eyes and nose, lacrimation, tremors, res- 
piratory difficulty, and narcosis. These 
investigators found that exposure to ap- 
proximately 2,000 parts per million is the 
maximum exposure for 60 minutes without 
the production of serious disturbances in 
guinea pigs and rats. The maximum expo- 
sure for several hours without causing seri- 
ous disturbances is 500 parts per million. 
Ethyl silicate has moderate warning prop- 
erties to man in concentrations uninjurious 
to guinea pigs and rats even after several 
hours of exposure. In man, 1,200 parts per 
million has been found to have lacrimatory 
properties; 700 parts per million mildly 
stings the eyes and nose; and 250 parts per 
million makes the eyes and nose tingle 
slightly, while 85 parts per million may be 
detected by its odor (3). Pozzani and Car- 
penter (4) on exposing rats to approximately 
400 parts per million of ethyl] silicate for 7 
hours daily for 30 days found a significant 
mortality and also kidney, liver, and lung 
damage. However, exposure at lower con- 
centrations resulted only in a decrease in 
the kidney weights of mice. On the basis of 
these experiments it was concluded that 
there seems no justification for any change 
in the figure of 100 parts per million that 
has been suggested as an hygienic standard. 


Analysis 


Smyth and Seaton (3) determined ethyl 
silicate by adsorption on activated charcoal 
and frequently checked this by use of the 
interferometer. Parallel humidity measure- 
ments were also made. A method based upon 
the colorimetric determination of the blue 
reduced complex of silicomolybdic acid has 
been developed by Gurvits and Sergeeva 


(5). 
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FLUOROACETIC ACID 


Characteristics 


Monofluoroacetic acid, fluoroacetic acid, 
FCH2-COOH, a crystalline substance at 
room temperature, melts at 33° C. and boils 
at 165° C. It may be obtained by the hy- 
drolysis of its methyl ester (boiling point 
104° C.) which in turn is prepared from 
methyl iodoacetate by heating with either 
silver fluoride, or mercurous fluoride at 170° 
C. (Swarts, 1). The acid is to a certain ex- 
tent combustible, burning with a greenish 
flame. The C—F bond of fluoroacetic acid 
is very stable and the fluoroacetates do not 
yield the fluoride ion by hydrolysis with 
water alone, and even boiling with alkali 
splits off only a fraction of the fluoride por- 
tion of the molecule. As a consequence the 
determination of small amounts of fluoro- 
acetate in biological material is fraught 
with difficulty. Monofluoroacetic acid is the 
strongest acid of the monohalogenated ace- 
tic acids. It is also by far the most toxic of 
the group. The LDso for mice following oral 
administration of the sodium salt is 17 mil- 
ligrams per kilogram of body weight. For 
comparison, that of the corresponding salt 
of iodoacetic acid (the next most toxic of the 
group, and which incidently has the least 
dissociation constant of the monohalogen- 
ated acetic acids) is 63 milligrams per kilo- 
gram of body weight. Furthermore the rup- 
ture of the C—F linkage is difficult and the 
fluoroacetates do not exert their toxic effects 
by the liberation of fluorides, but instead 
produce these effects apparently as molecu- 
lar entities. 


Toxicity 


Although monofluoroacetic acid had first 
been synthesized more than 40 years previ- 
ously, it was not until the early years of 
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World War II that this acid and its deriva- 
tives received any attention relating to their 
physiological properties. These unusual 
properties soon became evident in an inves- 
tigation of the fluoroacetates and allied 
compounds, carried out by McCombie and 
Saunders (2) at Cambridge University in 
the early years of the war. It was shown 
that, provided the correct groupings are 
present, many of these substances are highly 
toxic (by inhalation, injection, and, to some 
extent, by skin absorption) and may be de- 
scribed as convulsant poisons with a delayed 
action. The original conclusion that this 
toxic effect is entirely due to fluoroacetic 
acid, which is formed either by hydrolysis 
or by oxidation, is now considered to be not 
invariably true. Chenoweth (3) has pointed 
out that the toxicity of compounds forming 
fluoroacetate 7n vivo is not due entirely to 
the formation of fluoroacetate. He states 
that y-fluorobutyrate exerts a toxic action 
independently of any fluoroacetic acid 
which may be formed by the £-oxidation of 
y-fluorobutyric acid. The mechanism of the 
toxic action of the two acids differs mark- 
edly. 

Sodium fluoroacetate has been found to 
inhibit the spontaneous contraction of 
smooth muscle (4) and markedly inhibits 
the oxygen consumption of isolated rabbit 
intestinal smooth muscle in the presence of 
glucose (5). However, it apparently does not 
affect anaerobic glycolysis. Clarke and 
Riker (6) found that the fluoroacetate salts 
cause a progressive decrease in the contrac- 
tility of the frog sartorius muscle. 

The use of sodium fluoroacetate, also 
known as “1080”, spread rapidly for a few 
years following its discovery as a powerful 
rodenticide; however, not all rats are equally 
susceptible to this poison. Kalmbach (7) 
found the LDso dose for the wood rat to be 
5 milligrams per kilogram of body weight, 
5 milligrams per kilogram for wild Norway 
rats, 2.5 milligrams per kilogram for tame 
white rats and 0.1 milligram per kilogram 
for wild black rats. On the other hand, Dicke 
and Richter (8) found the median lethal 
dose of sodium fluoroacetate for wild Nor- 
way rats to be 0.22 milligram per kilogram. 
The latter investigators compared the lethal 
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dose of this salt with that of “Antu” (1-(1- 
naphthyl) -2-thiourea) and found the me- 
dian lethal dose of the latter to be 6.9 milli- 
grams per kilogram for wild Norway rats. 
Hagen and his associates (9) found some 
evidence to indicate that the rat possesses 
the capacity for metabolizing sodium fluoro- 
acetate. Distribution through the tissues is 
rather uniform throughout the animal poi- 
soned with this salt. Somewhat later Peters 
et al. (10) found that the toxic effect of fluo- 
roacetic acid in mammals is due to enzy- 
matic conversion in the kidney to form op- 
tically active monofluorocitric acid, which 
competitively inhibits the metabolism of 
citric acid. It is of interest that Hutchens 
and his associates (11) found that when 
ethyl alcohol was subcutaneously injected 
in certain animals (mice, rabbits, and guinea 
pigs, but not dogs) the mortality following 
the administration of sodium fluoroacetate 
was significantly lowered. Scales (12) has 
made the interesting observation that 
“1080” when used as a rat poison was very 
deadly to dogs after eating rats poisoned in 
this way. 

Several cases of poisoning among children 
have occurred as a result of accidental con- 
tact with sodium fluoroacetate. For instance, 
Gajdusek and Luther (13) report a case in 
which a 2-year-old child licked crystals 
from the stopper of a bottle of “1080” and 
became ill with symptoms closely parallel- 
ing those observed in animal experiments. 
The child recovered and was discharged as 
well on the eleventh day. Partly because of 
its very toxic nature, but chiefly because it 
has been replaced by more suitable rodenti- 
cides, the use of sodium fluoroacetate has 
decreased considerably. 


Analysis ; 


While monofluoroacetic acid and its salts 
present certain analytical difficulties, some 
progress has been made in the direction of 
their determination. Eisenberg and Wilson 
(14) have found that the barium salt, 
Ba(FCH2.COO) 2, 18 convenient for crystal- 
lographic identification, while Hutchens and 
Kass (15) have developed a colorimetric 
microanalytical method. The latter is based 
upon the fact that soluble lanthanum salts 
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react in the presence of acetates to form 
basic lanthanum acetate, which, in the pres- 
ence of iodine, adsorbs the latter with the 
formation of a blue color. 
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THE FLUOROCARBONS 


Characteristics 


While the monofluorinated hydrocarbons 
are markedly unstable, polyfluorides in 
which more than one fluorine atom is at- 
tached to the same carbon atom are distin- 
guished by their chemical inertness. This 
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stabilizing effect also extends to other halo- 
gen atoms. For instance, dichlorodifluoro- 
methane is very resistant to hydrolysis or 
even to molten sodium. 1,1,1-Trifluoro- 
ethane can be heated to 75 to 80° C. with 
fuming nitric acid without decomposition. 
Owing to this chemical inertness the fluoro- 
carbons are not usable for most chemical 
processes or as reactants. The chlorine-con- 
taining fluorocarbons have been used for 
some time as refrigerants under the 
trade name of Freons. These are found in 
commerce as Freon-11 (trichloromonoflu- 
oromethane, CCl3F), Freon-12 (dichloro- 
difluoromethane, CCl2F2) , Freon-21 (dichlo- 
romonofluoromethane, CHCl,F), Freon-113 
(trichlorotrifluoroethane, C2ClsF3), and 
Freon-114 (dichlorotetrafluoroethane, Co: 
ClzF4). The fluorocarbons have nearly the 
same freezing and boiling points as hydro- 
carbons of the same structure and number of 
carbon atoms. They are characterized by 
relatively high fluidities and low surface ten- 
sions. They are completely resistant to oxi- 
dation and do not burn. These singular 
properties have made the fluorocarbons very 
important and potentially valuable. Four- 
teen papers of a 53-paper symposium on 
fluorine chemistry (American Chemical So- 
ciety, 1946) deal with the industrial scale 
development of fluorocarbon processes (1). 


Industrial Uses 


Prior to World War II the only fluoro- 
carbons of commercial importance were the 
Freons, especially Freon-12 (CCl2F2), which 
is important in refrigeration, in air condi- 
tioning, and in aerosol bombs. Rapid de- 
velopments are occurring in this field more- 
over and the spectacular developments in 
the commercial generation and handling of 
fluorine will doubtless bring about further 
extensive changes. The fluorocarbon plastic, 
Teflon, made by the polymerization of tetra- 
fluoroethylene, is a new commercial product 
of great interest because of its unique prop- 
erties. It is thermally stable and chemically 
inert and has been very successfully applied 
in the commercial production of fluorine. 
The properties of the fluorocarbons indicate 
possible uses for heat transfer and as dielec- 
tric media in the manufacture of thermal 


260 


and chemical resistant plastics, and as high 
temperature lubricants and fire extinguish- 
ing agents (2, 3). 


Toxicity 


The chemical inertness of the fluorocar- 
bons is reflected in their physiological prop- 
erties. Dichlorodifluoromethane has little if 
any anesthetic or toxic action. Trichloro- 
monofluoromethane is said to have an in- 
toxicating effect on animals in a concentra- 
tion over 4 per cent in air for an exposure in 
excess of 1 hour, but has apparently no sec- 
ondary toxic action (4). Monofluorotrichlo- 
romethane is only slightly toxic and only in 
such high concentrations as 10 volumes per 
cent or more, causes irritating symptoms, 
cramps, and paralysis (5). Fluoroform and 
2,2-difluoropropane are so stable that they 
may be substituted for the nitrogen of air 
and guinea pigs can exist in such an atmos- 
phere without harmful effects (6). In gen- 
eral, one would anticipate but very little 
toxic effect from inhalation of the fluorocar- 
bons because of their thermal stability and 
resistance to chemical reaction. However, 
one must not lose sight of the fact that very 
high temperatures—flames and hot metals— 
may cause some decomposition with the for- 
mation of such irritating and toxic sub- 
stances as hydrogen fluoride and hydrogen 
chloride. 


Analysis 


The evaluation of the fluorocarbon con- 
tent of air presents certain difficulties, ow- 
ing to the unreactive nature of this contami- 
nant. The most useful method of sampling 
probably is that of securing samples in evac- 
uated flasks or by air displacement. Teston 
and McKenna (7) have recently devised a 
semi-micromethod for the simultaneous de- 
termination of carbon, fluorine, and chlorine 
in fluorocarbons. This method could possibly 
be used for the analysis of air samples pro- 
viding the latter were sufficiently ample. The 
apparatus devised by Timmis for the detec- 
tion and estimation of chlorinated hydrocar- 
bon vapors in air has also been applied by 
that investigator to the detection and analy- 
sis of Freon in air (8). 
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FORMALDEHYDE 


Characteristics 


Formaldehyde, formic aldehyde, forma- 
lin (in 40 per cent solution), HCHO, is a 
gas, boiling at —21° C. Commercially, for- 
maldehyde is an aqueous solution containing 
37 per cent by weight, or 40 per cent by 
volume, of the gas. This solution usually 
contains 10 to 15 per cent methanol in order 
to prevent polymerization. An aqueous 30 
per cent formaldehyde solution forms a con- 
stant boiling solution (boiling point 98.8° 
C.). The refractive indices of aqueous solu- 
tions are proportional to the concentration. 
Formaldehyde has a pungent and charac- 
teristic odor. With ammonia, it forms hexa- 
methylenetetramine with evolution of heat. 
With Nessler’s solution, it forms a reddish- 


brown precipitate, becoming yellowish-grey - 
on standing. On warming with B-naphthol ~ 


in alcohol in the presence of hydrochloric 
acid, it yields methylene di-8-naphthol, a 
crystalline precipitate of white needles. 
Formaldehyde reduces Tollen’s reagent and 
Fehling’s solution. The basic process for the 
manufacture of formaldehyde consists of the 
oxidation of methanol, using either copper 
or silver as a catalytic agent. An iron-molyb- 
denum oxide catalyst apparently gives a 
somewhat higher yield than the silver cata- 
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CARBON COMPOUNDS 


lyst, but is offset by the larger plant invest- 
ment required. Petroleum gases are also used 
as starting material, and, apart from the 
plant investment, have the advantage of low 
operating cost. 

Paraformaldehyde (CH20),H2O, a poly- 
merization product of formaldehyde, which 
is also incorrectly known as “trioxymethyl- 
ene’, is a white, amorphous powder with a 
strong odor of formaldehyde. On heating or 
on distillation with dilute sulfuric acid, it 
depolymerizes to ordinary formaldehyde. It 
is a combustible solid with a melting point 
of about 120 to 130° C. and a flash point of 
71° C. Paraformaldehyde is a convenient 
source of ordinary formaldehyde. 


Industrial Uses 


In 1954, the consumption of formaldehyde 
in the United States was 1,032,026,000 
pounds, of which more than 50 per cent en- 
tered into the production of phenolic urea, 
melamine, and other resins. The production 
of formaldehyde in the United States in 1947 
was 522,440,000 pounds. Among other chem- 
ical requirements for formaldehyde are the 
processing of hexamethylene tetramine, pen- 
taerythritol, ethylene glycol, paraformalde- 
hyde, hydroxyacetic acid, and citric acid 
(1). The tanning industry and agriculture 
use notable amounts. Paper impregnated 
with gelatin, glue, or starch is made water- 
resistant with formaldehyde. Formaldehyde 
is also somewhat extensively used in print- 
ing and vat dyeing. 

Toxicity 

Formaldehyde is a protoplasmic poison 
and is primarily irritant, rather than narco- 
tic, in action. Its irritant action on all mu- 
cous surfaces is related to its chemical reac- 
tivity and the formation of irreversibly 
coagulated protein products. In addition to 
this effect, partial oxidation occurs in the 
tissues following absorption with the forma- 
tion of formic acid. The gas is very irritant 
on inhalation, causing stinging and prickling 
in the nose and throat, salivation, tears, 
bronchial irritation, and catarrh. More pro- 
longed exposure may cause anuria, soft ne- 
crotic nails, and gastroenteritis. In addition 
to the effect of formaldehyde gas on the eyes 
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and respiratory tract, irritant effects on the 
skin frequently follow contact with the solu- 
tion in industry, or from contact with dust 
in the manufacture of formaldehyde resins 
and plastics (2). Concentrations of formal- 
dehyde as low as 20 parts per million cause 
definite irritation to the eyes and upper res- 
piratory tract. 


Analysis 


Formaldehyde may be detected by its con- 
densation with resorcinol, or with gallic 
acid. For instance, (a) mix 1 drop of 0.5 per 
cent aqueous resorcinol solution with 1 mil- 
liliter of weak formaldehyde solution and 
allow this to flow on to 3 to 5 milliliters of 
concentrated H.SO,4. Rotate the two layers 
gently. In the presence of HCHO, a red ring 
tinged with violet will appear. Then, (b) 
repeat (a), using 6 drops of a cold saturated 
alcoholic solution of gallic acid in place of 
the resorcinol. A blue ring is formed in the 
presence of HCHO. In common with other 
aldehydes, formaldehyde gives a violet-blue 
color with Schiff’s reagent. 

Formaldehyde may be determined colori- 
metrically by its reaction with phenylhydra- 
zine hydrochloride in the presence of potas- 
sium ferricyanide (3). When a dilute 
solution of formaldehyde (10 milliliters) is 
treated with 2 milliliters of a 1 per cent so- 
lution of phenylhydrazine hydrochloride, 2 
milliliters of a 2.5 per cent solution of po- 
tassium ferricyanide, and 3 milliliters of 
concentrated hydrochloric acid, a violet- 
colored solution is obtained, which may be 
matched against a series of standard solu- 
tions of formaldehyde similarly treated. 

Barnes and Speicher (4) utlized the color- 
imetric phenylhydrazinehydrochloride—po- 
tassium ferricyanide method in comparison 
with the dropping of mercury electrode 
method for determining the concentration of 
formaldehyde in air and found both methods 
suitable for this purpose. More recently, 
Bricker and Johnson (5) have developed a 
spectrophotometric method utilizing the re- 
action of formaldehyde with chromotropic 
acid to give a purple color. Formaldehyde 
was the only aldehyde found to give a color 
with this reagent. This method is described 
as rapid, accurate, and so sensitive that as 
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little as 1 microgram of formaldehyde can 
be detected in 1 milliliter of solution. The 
accuracy of the method in general is well 
within 5 per cent. A specific field test for 
formaldehyde based on this reaction has 
been devised by MacDonald (6). Zurlo and 
Griffini (7) have modified Schryver’s re- 
action for field purposes and are able to 
determine atmospheric formaldehyde in the 
range of 0.5 to 30 micrograms with a pre- 
cision of +2 per cent. 
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FORMIC ACID 


Characteristics 


Formic acid, formylic acid, methanoic 
acid, HCOOH, is a colorless liquid having a 
very pungent odor. It boils at 100.7° C., 
melts at 8.4° C., has a density p 20/4 of 
1.22026, and an index of refraction n 20/p of 
1.37137. It is miscible with water, alcohol, 
and ether. Formic acid was first prepared by 
S. Fisher in 1670 by distilling crushed ants 
with water (L. formica) and from this it 
derives its name. The stings of some insects 
and plants also contain it, although the real 
poison is very likely a much more complex 
substance. Formic acid is different in chemi- 
cal behavior from the typical carboxylic 
acids in that it exhibits not only the char- 
acter of a monobasic acid but also that of 
an aldehyde. Formic acid has a strong bac- 
tericidal action resembling that of formalde- 
hyde, probably due to its aldehyde charac- 
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ter. It is manufactured by the reaction 
between carbon monoxide and pulverized 
sodium hydroxide at moderate temperatures 
and pressures, followed by treating the re- 
sulting sodium formate with sulfuric acid to 
form formic acid. Formic acid is distinctly 
more acidic than other similar acids and the 
dissociation constant is about 12 times that 
of acetic. Formic acid decomposes to carbon 
dioxide and hydrogen when heated (in a 
closed system) at moderately elevated tem- 
peratures somewhat above the boiling point. 


Industrial Uses 


Formic acid is used in the textile and 
rubber industries as an inexpensive acidi- 
fying agent in place of acetic or sulfuric acid. 
In the chemical industry it is utilized in the 
manufacture, among other substances, of 
formates, organic esters, oxalic acid, and 
allyl alcohol. During 1954, formie acid 
amounting to 14,431,000 pounds was manu- 
factured in the United States. Formic acid 
is used as a decalcifier, a reducer in dyeing 
wool, for dehairing and plumping hides, for 
tanning, electroplating, and as a fumigant 
and insecticide. Among other uses it has 
been employed as an antiseptic in the brew- 
ing industry and as a food preservative. 
Medical use is made of the salts of formic 
acid as diuretics, astringents, and counter- 
irritants. 


Toxicity 


Formic acid resembles acetic acid but it 
is more volatile, more irritant, more anti- 
septic, more resistant to oxidation, and when 
given in large quantities is said to induce 
nephritis. On oral administration in dilute 
form, formic acid behaves almost quanti- 
tatively like acetic acid. Water containing 
0.001 to 0.25 per cent of either formic acid 
or acetic acid administered to rats for many 
weeks in daily dosage up to 0.2 milliliter of 
acid per kilogram of body weight (equiva- 
lent in man to 6 liters of 0.2 per cent per 
day) produced no effects whatsoever (1). 
Twice this amount fed to rats interferes 
materially and progressively with growth 
and appetite and is similar in this respect 
to acetic acid. Formic acid is irritating to 
the mucous membranes of the eyes, nose, and 
throat, and the concentrated acid when 
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splashed on the skin produces painful burns 
which are slow in healing. From feeding ex- 
periments by Wohlbier and Siebert (2) in 
which guinea pigs were fed as much as 4 
per cent of the dry weight of their feed of 
formic acid and/or calcium formate, it 
would appear that formate in these concen- 
trations is quickly oxidized in the animal 
body. Measurements of the nitrogen bal- 
ance, basal metabolism, and urinary hy- 
drogen ion concentration of the animals 
showed no significant acidosis resulting from 
the ingestion of calcium formate. Since 1936, 
34 cases of fatal poisoning by formic acid, 
most of which were suicidal in nature, have 
occured in Travancore(3). The occurrence 
coincided with the development of the local 
rubber industry in which formic acid is used 
for coagulating the latex. 


Analysis 

Atmospheric samples, in those cases where 
formic acid occurs as an aerial contaminant, 
may be obtained by bubbling a known vol- 
ume of the air through fritted glass bubblers 
containing water made slightly alkaline with 
sodium hydroxide. The formic acid content 
may be determined colorimetrically with 
fuchsin reagent following the reduction of 
formic acid to formaldehyde with magne- 
sium (4). A micromethod for the determina- 
tion of less than 3 milligrams of formic acid 
has recently been developed by Khinoi (5). 
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FUMARIC AND MALEIC ACIDS AND 
MALEIC ANHYDRIDE 


Characteristics 


The increasing use of fumaric acid, par- 
ticularly in the plastics and resins indus- 
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tries, has raised the question of toxicity, 
especially since its stereoisomer, maleic acid, 
is reputed to be toxic. The close relationship 
and industrial applications of fumaric and 
maleic acids and maleic anhydride make it 
desirable to group these substances together. 

Fumarie acid, trans-ethylene-1 ,2-dicar- 
boxylic acid, trans-butenedioic acid, allo- 
maleic acid, or boletic acid 


Sik arena 
HOOC Gi 


occurs in many plants, specifically in Fu- 
maris officinalis, in Iceland moss, and in 
members of the boletus family. It is manu- 
factured either by the fermentation of dex- 
trose, or by the catalytic oxidation of fur- 
fural with sodium chlorate in the presence 
of vanadium pentoxide catalyst. Although it 
is but slightly soluble in cold water (0.63 
gram per 100 grams at 25° C.), it may be 
crystallized from hot water. It is somewhat 
soluble in alcohol and in ether, but is prac- 
tically insoluble in other organic solvents. 
It melts at 287 to 300° C. in a closed capil- 
lary, but sublimes from an open vessel at 
about 200° C. Above this temperature in 
the open it decomposes with partial carbon- 
ization into maleic anhydride and water. Its 
density is 1.625. . 

The stereoisomeric unsaturated dicar- 
boxylic acid—maleic acid, toxilic acid, or 
cis-butenedioic acid 


ah ellie 
H—C—COOH 


is a synthetic product made by the cata- 
lytic oxidation of benzene over vanadium 
pentoxide. Maleic acid is a white, crystal- 
line solid with a faint acidic odor. It melts 
at 135° C. and boils at 160° C. with decom- 
position partly into fumarice acid above this 
temperature and partly into maleic anhy- 
dride and water. Its density is 1.59. It is 
very easily soluble in water, but is only 
slightly soluble in organic solvents other 
than alcohol. It is characterized by a pe- 
culiarly disagreeable, nauseous taste. 
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Maleic anhydride, toxilic anhydride 
De WEP IRR 
hi 
H—C—CO 


occurs in crystalline form with a melting 
point of 57 to 60° C. and a boiling point of 
196 to 200° C. It sublimes easily, is readily 
soluble in water with the formation of maleic 
acid, and is somewhat soluble in chloroform, 
in ether, and in acetone, but is only slightly 
soluble in petroleum ether. 

Fumaric acid is a natural product widely 
distributed in nature in cryptogams and 
phanerogams and was first obtained by fer- 
mentation in small yield by Ehrlich in a 
mold metabolic product using Rhizopus 
nigricans, and later by Wehmer (1) in the 
fermentation of sucrose with Aspergillus 
fumaricus in the presence of oxygen which 
gave large yields of the acid. This char- 
acteristic type of fermentation, however, is 
gradually lost and replaced by the produc- 
tion of gluconic acid. Gottschalk (2) found 
that the mold R. nigricans produced fumaric 
acid from pyruvic acid in the presence of 
excess chalk. More recently the commercial 
production of fumaric acid by new and ef- 
ficient fermentation processes from starch 
and other carbohydrates has lowered the 
cost of production considerably (3). 


Uses 


Maleic acid, maleic anhydride, and fu- 
maric acid (which does not form an anhy- 
dride) constitute some of the major raw 
materials at present used in the synthetic 
resin industry. Fumaric acid and its esters 
yield resins with many desirable properties 
either by polymerization, or by copolymeri- 
zation with, for instance, viny] compounds 
or diethylene glycol. These resins are used 
in the field of paints and varnishes and as 
molding and casting resins. The production 
of fumaric acid in the United States in 1948 
was 2,691,000 pounds (4), while the esti- 
mated production of maleic anhydride in 
this country in 1950 was 15,978,000 pounds. 
Production of fumaric acid had increased 
to 4,655,000 pounds by 1951, while maleic 


anhydride production was 23,718,000 pounds 
in 1951 (5). 
Toxicity 

Fumaric acid differs from maleic acid and 
maleic anhydride in that it is physiologically 
inert. Fumaric acid is converted into lactic 
acid by the action of a carboxylase secreted 
by yeast and when fumaric acid is fed to 
phlorhizinized dogs it is converted into dex- 
trose (6). On the other hand maleic acid is 
entirely unattacked by yeast and not only 
is not converted into sugar in the body, but 
acts as a poison. The toxic effcts of maleic 
acid have been attributed to its failure to 
be converted into lactic acid and dextrose 
in the animal body. Furthermore maleic 
acid is said to be a skin irritant (7). Maleic 
anhydride is especially hazardous, as direct 
contact with the skin causes burns. Further- 
more the vapors or fumes are irritating to 
the respiratory tract. 


Analysis 


Various methods have been proposed for 
the analytical determination of fumaric and 
maleic acids, as well as for maleic anhy- 
dride. However, none of these is specific. 
Most of the methods depend upon estimation 
of total acidity, or upon an halogenometric 
method, such as bromination. Both copper 
and lead fumarate crystals are said to be 
sufficiently characteristic for the micro- 
chemical indentification of fumaric acid. 
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FURFURAL 


Characteristics 


Furfural, furfuraldehyde, furol, pyro- 
mucic aldehyde, artificial oil of ants, is a 


colorless, mobile liquid which changes to 
reddish-brown upon exposure to light. It 
boils at 161.7° C., melts at —36.5° C., has a 
specific gravity of p 20/4 1.1598, an index 
of refraction n 20/p of 1.5261, and a flash 
point -of 55 to 58° C. Its solubility in water 
is approximately 8 per cent at room tem- 
perature. Furfural is miscible with alcohols, 
ethers, and most organic solvents with the 
exception of the paraffin hyrdocarbons. It 
dissolves gums and resins, waxes, oils and 
dyes, most cellulose esters and ethers, and 
many organic substances. First made by 
Dobereiner in 1830, it is now manufactured 
on a large scale from agricultural wastes— 
particularly oat hulls and cotton seed hulls. 
The pentosans of these raw materials are 
hydrolyzed to pentoses and dehydrated to 
the aldehyde by subjecting seed hulls to the 
action of steam and dilute sulfuric acid while 
the mass is agitated in digesters. Furfural is 
separated from the distillate by fractiona- 
tion. Furfural is readily volatilized with 
steam. As it is an aldehyde, it yields a crys- 
talline addition compound with a saturated 
aqueous solution of sodium bisulfite and re- 
duces such reagents as Tollen’s and Fehling’s 
solutions. With phenylhydrazine, furfural 
yields furfural phenyhydrazone, m.p. 97- 
98° C. Oxidation of furfural yields 


(furoic acid). While its odor is unpleasant 
in concentrated form, when dilute furfural 
has the pleasant odor of new bread, in which 
indeed it is present. 
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Industrial Uses 


Furfural is used in the manufacture of 
several different types of resins and plasti- 
cizers. It is also used as a solvent in certain 
lacquers having a cellulose ester, cellulose 
ether, or varnish gum base; as a solvent or 
diluent for such substances as formaldehyde, 
oleic acid, and diphenylaminechloroarsine; 
in the purification and bleaching of organic 
compounds, and as a fly-repellent, preserva- 
tive, fungicide, herbicide, and tanning agent 
(1). In the synthetic rubber industry, fur- 
fural is used as a selective solvent for the 
purification of butadiene. As a selective sol- 
vent, it is also employed in refining lubri- 
cating oils in the petroleum industry. Its 
solvent and penetrating properties make it a 
valuable component in dyeing mixtures for 
wood, shoes, textiles, and other such sub- 
stances. Furfural is also useful in numerous 
organic syntheses. 


Toxicity 


Furfural vapor is an irritant to mucous 
membranes and is a central nervous system 
poison, but because of its low volatility its 
toxic effect in general is slight. Ingested fur- 
fural has been shown to produce liver cir- 
rhosis in rats (2) when added in amounts of 
50 milliliters per kilogram of rice. Joachi- 
moglu and Klissiunis found that furfural 
had 63 times the narcotic effect of ethyl al- 
cohol on gold fish (3). Gander (4) found 
that injection doses greater than 0.3 milli- 
liter caused convulsion seizures and paral- 
ysis in rabbits. In animals dying immedi- 
ately, no changes in the ganglion cells could 
be demonstrated, but with repeated injection 
of 0.2 milliliter of furfural over a period of 
11 days, there was extensive ganglion cell 
degeneration. Animal inhalation experi- 
ments have shown that breathing a concen- 
tration of 280 parts per million results only 
in slight irritation of the mucous membranes 
(5), while increasing the concentration 10- 
fold causes more acute irritation and results 
in dyspnea, prostration, paralysis, and 
cramps, with an acute lung edema. No in- 
dustrial poisoning has been reported among 
workers handling this substance and Flury 
and Zernik (5) minimize the danger of acute 
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effects resulting from exposure, owing to the 
slight volatility of furfural. However, the 
possibility of chronic effects, such as nervous 
disturbances, following continued exposure 
should receive attention. 


Analysis 


Furfural may be determined quantita- 
tively with bromine by adding a measured 
excess of 0.1 normal concentration of po- 
tassium bromate in the presence of potas- 
sium bromide and 3 per cent hydrochloric 
acid. The furfural combines with 1 molecule 
of bromine and the excess of oxidant may 
be determined by adding potassium iodide 
and titrating with standard sodium thio- 
sulfate solution (6). Very small amounts of 
furfural may be determined colorimetrically 
with orcinol (7) or by the use of 2, 4-dinitro- 
phenylhydrazine (8). In determining the 
absorption spectra of 2-furaldehyde in the 
vacuum ultraviolet, Walsh (9) found that 
strong absorption occurred in the region 
2000-2700 A, and that absorption maximum 
was in the region of 2600 A. 
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FURFURYL ALCOHOL 


Characteristics 


Furfuryl alcohol, 2-furylearbinol, 2- 
furancarbinol, a-furylcarbinol, 2-hydroxy- 
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methylfuran 
ene 
CH C—CH,0H 


is a colorless liquid having a boiling point 
of 170 to 171° C. (75.7° at 15 millimeters), 
a density of D 23/4 1.1282 and an index of 
refraction of n 23/p 1.48515. Furfury] al- 
cohol is miscible with water but the aqueous 
solution decomposes on standing. It is very 
soluble in alcohol and in ether. Furfury] 
alcohol is prepared by the catalytic reduc- 
tion of furfural using a nickel, chromium 
and copper catalyst, or by the action of a 
30 per cent solution of sodium hydroxide on 
furfural in the cold. There is simultaneous 
production of furoic acid in the latter re- 
action. The oil obtained by the steam dis- 
tillation of roasted coffee bean meal contains 
up to 50 per cent of furfuryl alcohol after 
the organic acids have been removed and 
the abundance of this constituent doubtless 
stimulated Erdmann’s early investigation of 
“coffee oil” and the physiological effects of 
furfuryl alcohol (1). Furfuryl alcohol re- 
acts with explosive violence with mineral 
acids and with some strong organic acids to 
form a black, brittle, insoluble, and infusible 
resin. It may be stabilized for storage by the 
addition of 0.5 per cent of urea. Furfuryl 
alcohol reduces permanganate in the cold. 


Industrial Uses 


Furfuryl alcohol is used in the manufac- 
ture of resins and wetting agents and as a 
solvent. As furfuryl aleohol is toxic and is 
being produced commercially in large quan- 
tities, its hygienic significance is important. 


Toxicity 


Erdmann (1902) found that furfury] al- 
cohol in small doses stimulates respiration 
in animals and man and that larger doses 
produce salivation, nausea, diarrhea, and 
diuresis. An investigation made much later 
by Joachimoglu and Klissiunis (2) on the 
stimulating effect of coffee and its constitu- 
ents showed that there is an inhibitory effect 
of furfuryl alcohol on the isolated rabbit 
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intestine. Okubo (3) found that dilute sotu- 
tions of furfuryl alcohol paralyze the sen- 
sory nerves. Gajewski and Alsdorf (4) found 
furfuryl alcohol to paralyze skeletal muscle 
and that death in such animals as the dog, 
rabbit, and rat is the result of respiratory 
paralysis. In a recent study by Fine and 
Wills (5), using rabbits and cats as experi- 
mental animals, it appeared that such car- 
diac effect as furfuryl alcohol exerts is that 
directly on the myocardium and that the 
conduction of impulses is not affected. The 
principal effect appears to be a central de- 
pressant action and death from furfury] al- 
cohol probably results from central respira- 
tory depression. The presumptive lethal dose 
for the rabbit was found to be 0.7 gram per 
kilogram of body weight. Comstock and 
Oberst (6) report 25 per cent of deaths of 
rats after an 8-hour exposure to 700 parts 
per million of furfuryl alcohol, but no sig- 
nificant toxic effects were noted at an ex- 
posure of 19 parts per million for 6 weeks. 
The major end product when furfury] al- 
cohol is fed to rats has been found by Paul 
and his asociates to be furoylglycine (7). 
Despite its somewhat toxic character no in- 
dustrial disabilities appear to have been re- 
ported from contact with furfury] alcohol. 


Analysis 


Haslam and Ruddle (8) have found cerous 
sulfate reduction to be an accurate means of 
estimating small amounts of furfuryl alco- 
hol. It has also been found that furfuryl 
alcohol gives a color with Dische’s reagent 
(a mixture of diphenylamine with acetic and 
sulfuric acids). A characteristic absorption 
band at 5,800 angstrom units occurs when 
this reagent reacts with the alcohol (9). A 
simple color test for furfuryl alcohol is to 
moisten a pine shaving with it and add hy- 
drochloric acid, which then produces a blue- 
green color. 
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HYDROCARBONS, SATURATED— 
PARAFFINS 


Methane, Ethane, Propane, and Butane 


The first four members of the paraffin 
series of hydrocarbons, 7.e., those having 
from 1 to 4 carbon atoms, are gaseous at 
ordinary temperatures; those which follow, 
up to and including the sixteenth, are liquid; 
those higher than this are solid. The boiling 
and melting points are dependent on the size 
of the molecule since both increase with in- 
creasing molecular weight. The specific grav- 
ity also increases slowly with the molecular 
weight. The paraffins are inactive chemically 
as is shown by their inertness toward con- 
centrated sulfuric acid and cold fuming 
nitric acid. The physical properties of meth- 
ane, ethane, propane, and n-butane, all 
colorless gases, are enumerated in Table 8. 

While methane and ethane are odorless, 
the odor of these hydrocarbons becomes 
more apparent as their carbon content in- 
creases. However, none of the gases referred 
to above has sufficient odor to give warning 
of its presence in the air in dangerous con- 
centrations. The four hydrocarbons enumer- 
ated above occur as mixtures of gases 
evolved from oil or gas wells. Methane alone 
may be found in coal mines where it is des- 
ignated as “fire damp” and it also originates 
from the decomposition of carbonaceous ma- 
terial in marshy places and is then desig- 
nated as “marsh gas”’. 


—_ 
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TABLE 8 
Normal Saturated Hydrocarbons 


Solubility (Cubic 


Substance Formula Boiling Point °C. 
Methane CH, —161.7 
Ethane C2He. —88.6 
Propane C;Hs —42.2 
Butane CiHio —0.5 


Meltint Point °C. Density srr pA ms apr 
—182.6 Liq. 0.416—1° 9020° 
—172.0 Liq. 0.446 4720° 
= 18Ts1 Liq. 0.535 6518° 
—135.0 Liq. 0.60 15017° 





Although methane has little or no com- 
mercial application, it is used to some ex- 
tent in organic syntheses. Ethane, propane, 
and butane, on the other hand, are used in 
refrigerating systems for the production of 
low temperatures, while propane and butane 
have extensive application as fuel for house- 
hold and for many industrial purposes either 
alone or in mixtures. The term “liquefied 
petroleum gases” is usually used to designate 
any one of these substances or mixture 
thereof used for heating purposes. 

These substances are of little toxicological 
interest, although they have frequently 
caused injury and fatalities from explosions, 
particularly in the case of methane, in coal 
mines. The physiological response to inhala- 
tion of the saturated hydrocarbons is that 
of asphyxiation. The slight narcotic effect 
noted in the lower members increases slowly 
with increasing molecular weight. The nar- 
cotic action of methane is produced only by 
inhalation under pressure. Ethane was found 
by Nuckolls (1) to produce slight drowsiness 
and irregular respiration but no other ill 
effects in concentrations of 4.7 to 5.5 per 
cent by volume with exposures of 2 hours’ 
duration. Exposure to propane produced a 
slightly greater effect than ethane and, in the 
case of butane, exposure for 30 minutes to 
5.0 to 5.6 per cent by volume caused slight 
stupor, irregular respiration, and some de- 
pression. In general, it may be stated that 
the fire and explosion hazard involved in 
the handling and the use of these hydro- 
carbons far outweighs their toxicological 
importance. 


REFERENCES 


1. Nuckolls, A. H.: The comparative life, fire and 
explosion hazards of common refrigerants. 
Miscellaneous hazards. Underwriters’ Lab. 
Rept. No. 2375 (1933). 


2. Von Oettingen, W. F.: Toxicity and potential 
dangers of aliphatic and aromatic hydrocar- 
bons. U. S. Public Health Service, Public 
Health Bull. No. 255 (1940). 


HYDROCARBONS, SATURATED— 
PARAFFINS 


Pentane, Hexane, Heptane, and Octane 
Characteristics 


The saturated hydrocarbons represented 
by the four substances designated above are 
members of singly linked carbon atoms, 
having the general formula C,Hon+2. These 
four members are liquids and are not very 
reactive chemically. This stability extends 
to reaction with such very reactive sub- 
stances as fuming nitric acid and even 
chromic acid which has very little effect on 
them in the cold. When heated, however, 
they are generally oxidized to carbon dioxide 
and water. The isomers in general are more 
easily attacked than the normal paraffins. 
While no isomers are possible for the first 
three members of the paraffin series owing 
to the equivalence of the four valences of 
carbon, in the case of pentane three isomers 
are possible; hexane has six isomers; heptane 
nine isomers, and octane eighteen isomers. 
They may*be prepared synthetically by a 
variety of processes, but occur naturally in 
the distillate from a number of organic sub- 
stances and are principally obtained from 
petroleum. The paraffins are not absorbed by 
bromine in the cold or by sulfuric acid and 
in this way may be distinguished and sepa- 
rated from the unsaturated hydrocarbons. 
These hydrocarbons are insoluble in water, 
but are to some extent soluble in alcohol 
and are freely soluble in ether and a num- 
ber of organic solvents, The physical char- 
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TABLE 9 
Normal Saturated Hydrocarbons 


Substance Formula 
Pentane CH;(CH:)3;CH; 36.1 
Hexane CH;(CH2),CH; 68.8 
Heptane CH;(CH2);CH; 98.4 
Octane CH;(CH2).CH; 125.59 


Boiling Point °C. | Melting Point °C. 


Density p 20/4 Index of Refraction 


——_$_________ii. 
TL _ 
ee _ 


—129.7 0.62632 1.35769 
—95.5 0.65945 1.37506 
—90.66 0.68376 1.3877 
— 56.90 0.70279 1.39760 


a 


acteristics of the above normal hydrocarbons 
are summarized in Table 9. 


Industrial Uses 


Pentane and heptane have been used to 
some extent as anesthetics, while hexane 
and, to a less extent, octane are chiefly used 
for solvent purposes. These substances in ad- 
dition to industrial importance as solvents 
are used for a variety of purposes, such as 
their employment in laboratories, their use 
in ice manufacture, and for filling low tem- 
perature thermometers. 

Toxicity 

Pentane, hexane, heptane, and octane, the 
four members of the saturated hydrocarbon 
series enumerated above, are of very little 
toxicological interest. They produce narcotic 
effects especially noticeable in the lower 
homologues and, as the carbon content in- 
creases, show some irritant properties. Ac- 
cording to Henderson and Haggard (1), ex- 
posure to pentane for 10 minutes at 5,000 
parts per million produces no symptoms, 
while hexane produces dizziness in the same 
period of time at the same concentration, 
and heptane at 5,000 parts per million within 
4 minutes produces marked dizziness, mus- 
cular incoordination, and emotional disturb- 
ances. Owing to their low solubility, these 
hydrocarbons are rapidly eliminated from 
the body when inhalation is discontinued 
and no accumulation occurs. 


Analysis 

No method of analysis specific for any 
one of these saturated hydrocarbons has 
so far been proposed applicable to the de- 
termination of the substance as a aerial 
contaminant. Where the nature of the con- 
taminant is known, it is possible to evaluate 


its concentration within certain limits by 
adsorption on silica gel or activated char- 
coal, or by using a methane detector, pro- 
viding the latter is calibrated for the spe- 
cific hydrocarbon sought. 
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HYDROCARBONS, UNSATURATED 


Acetylene 


Acetylene, CH=CH, the first member of 
the alkines which have the general formula 
C,H on-2and the only member of the whole 
series of industrial importance, is a colorless 
gas which boils at —83.5° C., has a specific 
gravity of 0.613 (—80° C.) as a liquid and 
0.906 (air = 1) as a gas. Solid acetylene 
vaporizes without melting, since the boiling 
and melting points are so nearly alike. The 
pure gas is almost odorless and the odor of 
the technical product is due to traces of im- 
purities, such as hydrogen sulfide, phos- 
phine, etc. Acetylene is formed when a Bun- 
sen burner strikes back and burns at the 
base and it is probable that the acetylene 
formed is due to thermal dissociation of eth- 
ylene. Acetylene is prepared on a large scale 
by the action of water on calcium carbide. 
It burns with a luminous, sooty flame and 
when mixed with air is exceedingly explo- 
sive. The limits of composition of the explo- 
sive mixtures are wide since only those mix- 
tures containing less than 5 per cent or 
greater than 80 per cent of acetylene are not 
explosive. Acetylene is more soluble in wa- 
ter and other solvents than ethylene and 
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much more soluble than methane. One vol- 
ume dissolves about 1.1 volumes of acetyl- 
ene at room temperature. Acetone dissolves 
about 300 times its volume under 12 atmos- 
pheres of pressure and use is made of this 
property for the storage and handling of 
acetylene. Owing to its high degree of un- 
saturation, acetylene has a strong tendency 
to polymerize and is very reactive chemi- 
cally with the formation of addition com- 
pounds. Thus, it combines directly with 
chlorine to form dichloroethylene, 


CHCI—CHCIl. 


Moist acetylene attacks various metals, such 
as zinc, lead, brass, copper, and nickel. It 
combines directly with the metals forming 
acetylides, such as CeAge and C.Cuzg which 
are explosive when dry. 

It is generally believed that explosions in 
the pure oxygen pot of rectifying colums 
producing oxygen from liquid air are at- 
tributable to acetylene. Acetylene may be 
present in the crude air or may be formed 
from the breakdown of the lubricating oil in 
the air compressor. As oxygen boils at 
—183° C., and acetylene freezes at —81° C., 
nearly all the acetylene entering the column 
will remain there, according to McKoon and 
Eddy (1), and from the standpoint of safe 
operation, it is necessary to determine the 
presence of traces of acetylene in liquid 
oxygen. 

Acetylene is an important commercial 
source of a number of organic substances 
which are synthesized from it, such as acetic 
acid, acetone, alcohol, chloro derivatives, 
butadiene, and various polymerization 
products. While acetylene was formerly of 
great importance as an illuminant at the 
present time it is used for this purpose prin- 
cipally only in mines and in bicycle lamps. 
The oxyacetylene flame is used for the autog- 
enous welding of metals. Acetylene is ex- 
tensively used for the production of acet- 
ylene black which was produced to the 
extent of 7,583,370 pounds in 1945. The 
total production of acetylene in 1944 
amounted to 5,536,131 units of 1,000 cubic 
feet, 3,884,495 of which were used in chem- 
ical synthesis and the remainder for com- 
mercial purposes. 


INDUSTRIAL TOXICOLOGY 


Acetylene is a simple asphyxiant and, 
according to Flury and Zernik, acts as a 
narcotic when administered with a sufficient 
amount of oxygen. It has no irritant action 
on mucous surfaces. Acetylene is not toxic 
per se but when the concentration is suffi- 
ciently high to reduce the available oxygen 
to a small amount, it may produce the usual 
symptoms of anoxia even to the point of 
complete asphyxiation with death by 
smothering. Death follows the inhalation 
of acetylene itself in a concentration of 500,- 
000 parts per million when breathed for 5 to 
10 minutes and following the inhalation of 
100,000 parts per million when breathed 
from 1/2 to 1 hour. In man, the inhalation of 
acetylene has been shown to be followed by 
a period of excitement, then coma, cyanosis, 
weak and irregular pulse, and memory fail- 
ure (2). These symptoms quickly disappear 
following rescue. Although commercial 
acetylene now contains very few impurities, 
it was formerly frequently contaminated 
with such gases as arsine, hydrogen sulfide, 
or phosphine, and exposure to this impure 
acetylene often assumed more serious con- 
sequences than is the case at present. Acet- 
ylene may be readily detected by its for- 
mation of copper acetylide in slightly 
ammoniacal solutions of copper salts which 
form a rose-red color or red precipitate 
depending upon the amount of acetylene 
present. Coulson-Smith and Seyfang (3) 
have utilized this reaction for the quantita- 
tive estimation of small amounts of acety- 
lene in air. In the method developed by 
these investigators the depth of color is 
evaluated by matching it with the color pro- 
duced by adding standard ferric alum solu- 
tion to an excess of potassium thiocyanate. 
The results agree with 0.01 per cent of the 
volume of the sample. This method has been 
adopted with some modification by Mc- 
Koon and Eddy (1), and later was further 


modified by Geissman and his associates 
(4). 
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HYDROCARBONS, UNSATURATED— 
OLEFINS 


Ethylene, Propylene, Butylene, 
Amylene, and Hexylene 


Unsaturated hydrocarbons contain 2 
atoms less hydrogen in the molecule than 
the paraffins and are represented by the 
general formulae CrHe, (olefins) and 
C, Hoa-2(acetylenes). The group of ole- 
fins is thus named because of the oily sub- 
stance obtained by the action of chlorine on 
ethylene gas. Like the paraffins the lower 
members of the olefin series with 2, 3, and 
4 atoms of carbon are gases, those with 5 to 
18 carbons are liquids and the higher homo- 
logues are solids. They are lighter than 
water in which they are only slightly 
soluble. 

Ethylene, olefiant gas or ethene, is a 
colorless gas with a characteristic sweet 
odor and taste. It forms an explosive mix- 
ture with air at a concentration of 3 per 
cent. It has a lower explosive limit of 2.7 
and an upper limit of 28.6. It is not very 
soluble in water, but 1 volume of alcohol 
dissolves 3% volumes of the gas. Propylene, 
butylene, amylene, and hexylene have prop- 
erties somewhat similar to ethylene with 
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reference to their chemical reactivity. These 
olefins are found in small quantity in many 
types of petroleum, some of which, the 
Canadian oils for instance, are richer than 
others. The cracking of heavy hydrocarbons 
may be so directed that the unsaturated hy- 
drocarbons of low molecular weight such as 
ethylene, propylene, and butylene may be 
produced. Ethylene is obtained from oil 
cracked in the vapor phase, from cracked 
natural gas, and from coke oven gas. The 
olefins may also be formed by the pyrogenic 
decomposition of other organic substances. 
Several basic methods of preparation have 
been described, some of which are only of 
academic interest. The more important are 
the removal of hydrogen halides from alkyl 
halides by passing the vapor over heated 
alumina or barium oxide. They may also be 
prepared by the removal of water from 
saturated alcohols derived from the paraf- 
fins. This removal of water can be accom- 
plished by passing the vapor of the corre- 
sponding alcohol over heated alumina, 
graphite, or aluminum phosphate. Owing to 
their chemical reactivity, the olefins enter 
into addition and polymerization reactions 
freely. The halogen hydrides add readily 
and oxidizing agents attack these olefins 
easily. Finally, the olefins show a remark- 
able tendency to add on to metallic salts 
such as the chlorides of iron, platinum, and 
iridium. The physical properties of the first 
five members of the series are given in 
Table 10. 


TABLE 10 
Unsaturated Hydrocarbons 


Substance Formula 


ee 
Ethylene 
(ethene) 
Propylene 
(propene) 
Butylene 
(butene-1) 
Amylene 
(pentene-1) 
Hexylene 
(hexene-1) 


CH.—CH2 
Ch;—CH=CH:2 
CH;—CH.—CH=CH: 
CH;—(CH:)2—CH=CH: 


CH;— (CH2) s—CH=CH; 





Boling, | Melting | Density | ihe per Liter 
—102.4 —169.4 0.6100 256 
—47.7 —185.2 0.6104 446 
—6.5 —130 0.6255 Insoluble 
40.0 —138 0.6429 Insoluble 
63.5 —98.5 0.6747 Insoluble 


Di inden en 
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Ethylene is used extensively to mature 
the color of citrus fruits, bananas, and mel- 
ons, and in the blanching of celery, endive, 
and other vegetables. Furthermore, it has 
the property of accelerating the ripening of 
fruits and vegetables. It is also used as a 
welding fuel and in its pure state as an 
anesthetic. Ethylene is used in the synthetic 
manufacture of ethyl alcohol and was used 
in the production of mustard gas during the 
late war. All the olefins are useful for or- 
ganic syntheses owing to the readiness with 
which they form addition products. An im- 
portant series of valuable organic com- 
pounds has thus resulted. 

None of the lower members of the olefin 
series is of any toxicological significance in 
low concentrations. Ethylene and propylene 
are inhalation anesthetics but are effective 
only in quite high concentrations (60 per 
cent or more) and for that reason are ad- 
ministered with oxygen. The high concen- 
tration required to produce physiological 
response causes the gas to act simply as an 
asphyxiant rather than an anesthetic unless 
sufficient oxygen is also present in sufficient 
amount to support life. The higher members 
of the series have a more pronounced anes- 
thetic action than ethylene or propylene. 
Beginning with amylene there is irritation 
of the mucous surfaces which becomes more 
noticeable with the higher members of the 
series. In man, nausea, narcosis, and diz- 
ziness have followed the experimental ad- 
ministration of amylene and urinary blood 
and albumin have been noticed. Cramps and 
cyanosis and paralysis have followed admin- 
istration of the higher members of the 
olefin series and the narcotic dose in the 
latter case approaches that of the toxic dose. 
Apart from any consideration of toxicity, 
the explosion and fire hazards of these sub- 
stances are noteworthy. 


HYDROGEN CYANIDE 


Characteristics 


Hydrogen cyanide, hydrocy4anic acid, 
prussic acid, HCN, is a colorless, very vola- 
tile, gas or liquid having an odor somewhat 
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resembling that of bitter almonds. It is an 
insidious poison and since many people are 
unable to recognize its presence by odor, 
they are unaware of danger. The gas is 
lighter than air, and therefore rises rapidly 
and diffuses rapidly. At temperatures below 
26.5° C., It is a clear, colorless liquid. The 
specific gravity of the liquid hydrogen cya- 
nide is 0.6970; of the gas, 0.9348. The boil- 
ing point of hydrogen cyanide is 26.5° C. 
It is prepared by the treatment of a cyanide 
salt with dilute sulfuric acid. The gas is very 
soluble in water and alcohol, but owing to 
the weakness of hydrocyanic acid, it does 
not redden litmus paper. 

Hydrogen cyanide gas is effectively ab- 
sorbed by alkali hydroxides, soda lime, 
silver oxide, and sodium bicarbonate solu- 
tion containing iodine. Gas masks, espe- 
cially designed, will give adequate protec- 
tion against the concentrations used in 
fumigation for an estimated period of 1 to 4 
hours. In general, the fumigation concen- 
trations are less than 1 per cent. In addition 
to the use of liquid hydrogen cyanide, vari- 
ous absorption preparations are in use, such 
as Zyklon (liquid HCN absorbed in fullers 
earth), HCN Discoids (liquid HCN ab- 
sorbed in wood fiber discs), and Saftifume 
briquets (a mixture which produces HCN 
and cyanogen chloride from sodium cyanide 
and sodium chlorate mixed with sand) (1). 

Commercially, cyanides may be made by 
@ circuitous route in which methanol reacts 
with carbon monoxide to produce methyl 
formate, CH;00CH. The latter is then con- 
verted to formamide (HCONH2) by reac- 
tion with ammonia and finally the forma- 
mide is dehydrated to hydrogen cyanide. 
When combined with the plant production 
of ammonia in which the by-product is car- 
bon monoxide, the formamide process is un- 
questionably superior economically. At the 
present time, however, the most important 
commercial process for the production of hy- 
drogen cyanide utilizes ammonia, metallic 
sodium, and coke (2). 


Industrial Uses 


Hydrogen cyanide has important use in 
the manufacture of acrylonitrile, which is 
used for the production of oil-resistant syn- 
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thetic rubber and plastics. Hydrogen cya- 
nide is used with acetone to form the inter- 
mediate acetone cyanhydrin necessary for 
the production of methacrylate resins. It 
has extensive use in fumigating flour mills, 
ships (3), foodstuffs, and manufacturing 
plants, as well as in the preparation of ni- 
triles, the extraction and electroplating of 
gold and other metals, and the preparation 
of pigments. Although information regard- 
ing production of cyanides has been re- 
garded as confidential since 1939, the value 
of cyanides produced in the United States in 
that year amounted to $4,100,000. The im- 
ports for cyanide salts and mixture in 1944 
amounted to 28,103,198 pounds. 


Toxicity 
Hydrogen cyanide is one of the most lethal 


_ poisons known. It appears to act directly on 


cellular processes inhibiting or destroying 
oxidative ability. For this reason it is ex- 
tensively used as a fumigant since it kills 
all insects and all higher animals. It is not, 
however, a bactericide. Since it inhibits oxi- 
dative processes, thus arresting the activity 
of all forms of life, the cyanogen compounds 
are true protoplasmic poisons. As it thus 
arrests internal respiration, cyanide poison- 


ing is a form of asphyxia. Fifty milligrams | 
injected under the skin is lethal to man and 


according to Vedder (4), “The lethal dose 
by respiration is usually believed to be less 
than the above and our figures confirm this 
view.” According to Henderson and Haggard 
(5), 200 to 400 parts per million of hydrogen 
cyanide gas are rapidly fatal after exposure 
of 30 minutes and the maximum concentra- 
tion allowable for prolonged exposure is 10 
parts per million. Dust or fume concentra- 
tion of cyanides was set at 5 milligrams (as 
CN) per cubic meter. Since cyanide is rap- 
idly absorbed from the lungs, symptoms of 
poisoning occur very quickly. Initially, the 
exposed individual may notice headache, 
dizziness, weakness, irritation of the eyes, 
and finally, a sensation of chest constriction. 
The individual rapidly loses consciousness, 
respiratory irregularity follows, and finally, 
paralysis. The now standard antidotes for 
the treatment of cyanide poisoning are so- 
dium nitrite and sodium thiosulfate admin- 


istered by subcutaneous injection one after 
the other rather than together (5). Accord- 
ing to Jandorf and Bodansky (6), the in- 
halation of amy] nitrite frequently suggested 
as an antidote for hydrogen cyanide gas poi- 
soning is somewhat ineffective, although it 
revives animals exposed to low lethal doses 
of cyanogen chloride. The ineffectiveness of 
amyl nitrite treatment has also been empha- 
sized by Paulet (7) who states that it is of 
no significant value in treating hydrogen 
cyanide poisoning. Howard and Hanzal (8) 
investigated the chronic toxicity to rats of 
food fumigated with hydrogen cyanide and 
containing 100 to 300 parts per million of 
the latter. They found no evidence of chronic 
toxicity in these animals during a 2-year 
feeding period. 


Analysis 


Owing to the great toxicity of hydrogen 
cyanide and cyanides is} general, and there- 
fore the importance of detecting the presence 
of these substances and also their quantita- 
tive determination, numerous methods have 
been proposed, most of which are satisfac- 
tory in ordinary use. The cyanides may be 
converted to thiocyanates readily and esti- 
mation may be made on the basis of the 
depth of red color produced by ferric salts. 
Conversion of cyanides to Prussian blue has 
also been advocated as a method of colori- 
metric estimation. A quantitative test paper 
based on this reaction has been prepared 
(9). The benzidine and copper acetate test 
is very delicate and is also applied on test 
papers where hydrogen cyanide has been 
used as a fumigant (10). Cyanides also give 
a dark red color with alkaline picrate solu- 
tions, but since other reducing substances 
react similarly, this method is of doubtful 
value (11). A delicate means of estimating 
hydrocyanic acid is that of converting it to 
ammonia by alkaline hydrolysis in a closed 
system and estimation of the ammonia thus 
formed by means of Nessler’s reagent (12). 
Taylor (13) has recently described a method 
for the determination of hydrogen cyanide 
in gas containing hydrogen sulfide. Robbie 
and Leinfelder (14) have developed a phe- 
nolphthalein technique applicable to the 
measurement of small amounts of cyanide 
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gas in air, and Lester and Ordung (15) have 
developed a sensitive portable self-contained 
phototube colorimeter for cyanide deter- 
mination. A micromethod based on the for- 
mation of Prussian blue has been developed 
for the determination of hydrogen cyanide 
in insect and plant tissue and has an accu- 
racy of +1.5 per cent in the range of 0.05 
and 0.3 milligram (16). 
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ISOPHORONE 


Characteristics 


Isophorone, isoacetophorone, 3,5,5-tri- 
methy]-2-cyclohexene-1-one 


COCH:C (CHs) CH2C (CHs3) 2CHo, 
as aS Se Se ES ee ee 


is an unsaturated cyclic ketone. It is a liquid 
with peppermint like odor and cooling taste, 
nearly insoluble in water but miscible with 
the usual lacquer solvents. Isophorone is an 
excellent solvent for many oils, fats, gums, 
and resins. It is easily volatile with steam. 
Owing to its low vapor pressure (0.3 milli- 
meter of mercury at 20° C.), it evaporates 
slowly at room temperature. While isopho- 
rone does not form an addition compound 
with sodium bisulfite, it dissolves very 
slowly in liquid sulfur dioxide, forming 
1,1,3 - trimethyl - cyclohexanone - 5 - sul- 
fonic acid-3. Isophorone boils at 215° C., has 
a density p 20.5/4 0.9255, index of refraction 
n 21.5/p 1.4789, freezing point —8.1° C., and 
flash point of 95°C. Since both a ketone 
group and double bond are included in the 
structure of isophorone, it is a useful sub- 
stance in organic synthesis. As a typical ke- 
tone it will react with aldehydes, amines, 
hydrocyanic acid, and substituted nitrogen 
derivatives. The double bond permits the 
addition of halogens, mercaptans, and alkyl 
amines. 


Industrial Uses 


Isophorone is a comparatively new sol- 
vent in the lacquer and plastic industry. Fol- 
lowing its introduction in 1940, production 
rapidly increased and it is now generally 
recognized as one of the most powerful ke- 
tone solvents for nitrocellulose and one of 
the best known solvents for copolymer vinyl 
resins. Isophorone finds important uses in 
organic synthesis. 


Toxicity 


Smyth and Seaton (2) concluded, after 
exposing guinea pigs and rats to single ex- 
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posures of air containing isophorone vapor, 
that although isophorone is four times as 
toxic as methyl isobutyl ketone for single 
exposures of several hours, its actual hazard 
is somewhat less than that of this compound 
because of its lower vapor pressure. The 
early symptoms of exposure of guinea pigs 
to isophorone vapors were those of eye and 
nose irritation followed by slight narcosis. 
Death, which usually occurred during ex- 
posure, was caused by narcosis or in a few 
cases by lung irritation. A concentration of 
300 parts per million gave rise only to minor 
pathology after 24 hours’ continuous expo- 
sure. A later investigation by these authors 
showed that isophorone acts chiefly as a kid- 
ney poison. No effect whatsoever was found 
on animals exposed to 25 parts per million 
(3). Silverman and his associates (4), how- 
ever, found that 25 parts per million will 
produce irritation of eyes, nose, and throat. 
of human subjects. 


Analysis 

Since isophorone is a ketone, determina- 
tion of its concentration as an aerial con- 
taminant may be made by means of the io- 
dine titration method used by Patty, 
Schrenk, and Yant in their studies of the 
physiological response of animals to ketone 
vapors (5). Kacy and Cope (6) have re- 
cently devised a colorimetric method for the 
determination of small amounts of isopho- 
rone in air. This method is based on the re- 
action of isophorone with phosphomolybdic 
acid. The resulting molybdenum blue prod- 
uct is measured spectrophotometrically. 
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KEROSENE 


Characteristics 


Kerosene is derived from petroleum and 
represents the fraction boiling between 200 
and 300° C. It consists of a mixture of petro- 
leum hydrocarbons, largely aliphatic deriva- 
tives of the methane series of from 10 to 16 
carbon atoms per molecule. Alkyl deriva- 
tives of benzene and naphthalene are present 
in smaller amounts. Kerosene varies in color 
from pale yellow to water-white and is an 
oily, mobile liquid of a characteristic, but 
not too disagreeable, odor. Its density is 
about 0.80 and flash point is 65 to 85° C. It 
is insoluble in water but miscible with other 
petroleum solvents. It may be deodorized 
and decolorized by washing with fuming sul- 
furic acid followed by washing with sodium 
plumbite. This clear and deodorized product 
is commercially available as Deobase. Un- 
til 1910 kerosene was the most important 
product of the petroleum industry, but the 
increasing demand for gasoline by the auto- 
motive industry and the wide extension of 
the use of gas and electricity soon relegated 
it to a lower position. 


Uses 


Kerosene is used as an illuminating and 
heating oil, as a degreaser and cleaner, as 
a solvent, as fuel in tractors, and as a car- 
rier for insecticides. Production in the 
United States in 1951 was 135,742,000 bar- 
rels. 


Toxicity 

Although ordinarily regarded as some- 
what physiologically inert, kerosene is 
known to cause local irritation and under 
certain conditions causes drowsiness, col- 
lapse, twitching of the muscles, and coma. 
It is known to cause damage to the heart, 
liver, and kidneys. Richardson and Pratt- 
Thomas (1) determined the toxic effects of 
kerosene in dogs and rabbits by intragastric, 
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intraperitoneal, intravenous, and intratra- 
cheal administration to laboratory animals. 
Intratracheal injection killed rabbits and 
dogs respectively in doses as low as 0.25 
cubic centimeter per kilogram of body 
weight and 1.0 cubic centimeter per kilo- 
gram. Dosage of 35 cubic centimeters per 
kilogram of body weight by stomach tube 
was fatal for rabbits. 

Because of its de-fatting action on the 
skin prolonged or frequent periodic contact 
of kerosene may be irritating and cause 
dermatitis. Although sensitization is possi- 
ble, this is probably not due to kerosene it- 
self, but to the aberrant proteins of the skin 
resulting from contact damage (2). 
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KETENE 


Characteristics 


Ketene, ketoethylene, ethenone, carbo- 
methene, CH;—CO, is the simplest possible 
ketone. It is a colorless gas of penetrating 
odor, boiling at —56°C. and melting at 
—151°C. It has an odor resembling both 
chlorine and acetic anhydride. Since ketene 
readily polymerizes, it cannot be shipped or 
stored in the gaseous state. Ketene was first 
prepared by Wilsmore in 1907 by the action 
of red-hot platinum wire in contact with ace- 
tone, acetic anhydride, and acetic ester. A 
more modern method of preparation consists 
in cracking acetone alone by a glowing grid 
of resistance wire. A steady output of ketene 
may be produced by means of such a ketene 
generator which provides for the condensa- 
tion and return to the boiling flask of un- 
acted upon excess of acetone. In addition to 
the pyrogenic decomposition of acetone, ke- 
tene may be prepared by the action of zinc 
on a-bromo fatty acid bromides or by heat- 
ing dialkyl malonic anhydrides. Ketene is 
soluble in alcohol or ether but is decomposed 
by water. The ketenes are very reactive sub- 
stances. Ammonia converts them into acid 
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amides, hydrogen chloride into acid chlo- 
rides, and halogens into the a-halogen-sub- 
stituted acid halides (1). Ketenes are auto- 
oxidizable, and form at low temperatures, 
unstable, explosive peroxides with oxygen. 
Carbon suboxide, O—C—C—C=0, is in- 
cluded in the group of ketenes. This sub- 
stance is formed by heating malonic acid and 
phosphorus pentoxide to 140 to 150° C. in a 
vacuum of by the action of zinc on dibromo- 
malonyl dibromide. It possesses a very un- 
pleasant smell resembling acrolein, boils at 
7° C., and burns with a sooty blue flame. 


Industrial Uses 


While ketene has long been recognized as 
an important acetylating agent in the lab- 
oratory, it has more recently become of in- 
dustrial importance for acetylation in the 
manufacture of cellulose acetate. As an acet- 
ylating agent, it generally reacts with com- 
pounds having an active hydrogen atom. 
With ammonia, it reacts to yield acetamide. 
Because of its reactivity, it is now the start- 
ing point for the manufacture of a number 
of important industrial chemicals, such as 
acetyl salicylic acid and cellulose formate. 


Toxicity 


Ketene is markedly toxic and particularly 
affects the eyes and lungs. While ketene has 
for some time been known as an intolerable 
irritant, the first systematic investigation 
of its toxic effects was reported by Wooster 
and his associates in 1947 (2). These in- 
vestigators found that ketene is as toxic as, 
and comparable in action to, phosgene. In 
experiments on mice, rats, cats, guinea pigs, 
and rabbits, it was shown that ketene acts 
locally on the upper respiratory tract, caus- 
ing deaths from pulmonary edema and the 
consequent anoxia in the same manner as 
phosgene. Exposure to concentrations as low 
as 116 parts per million (0.2 milligrams per 
kilogram) for 10 minutes was fatal to labo- 
ratory animals. The ketene dimer (diketene) 
is much less toxic. Wooster and his associates 
regard it as obvious that rigorous precau- 
tions should be taken by any establishment 
generating this material. Treon et al. (3) 
have observed the physiological response of 
several species of animals exposed to ketene 
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vapor within the range of 25 to 1,500 parts 
per million for short periods of time. The 
toxicity of ketene appeared to be of the same 
order of magnitude as that of phosgene and, 
like the latter, its action on the respiratory 
system was delayed. According to Gomer 
(4), while cases of fatal poisoning had not 
been observed in the German chemical in- 
dustry, a number of cases of eye and throat 
irritation, cough, and bronchitis have been 
observed in workers exposed to both ketene 
and diketene vapor. No safe working con- 
centration value has so far been established. 


Analysis 


Wooster (2) determined the concentration 
of ketene by connecting the generator (at 
the beginning and end of each animal expo- 
sure) to absorption bubblers containing 
standard alkali and measuring the time re- 
quired for neutralization. Phenolphthalein 
was used as an indicator. Diggle and Gage 
(5) determine the ketene content of air sam- 
ples by absorption in alkaline hydrazine, 
treatment with ferric chloride, and photo- 
electric measurement of the ferric acetohy- 
droxamic acid complex. 
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MALATHION 


Characteristics 

Malathion, malathon, S-(1,2-dicarbeth- 
oxyethyl) o,0-dimethy] phosphorodithioate, 
o,o-dimethyldithiophosphate of diethyl 
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mercapto-succinate is a yellowish, oily liq- 
uid which boils at 156 to 157° C. per 7 milli- 
meters. It has a refractive index of n 25/p 
1.4985. The commercial product is a dark 
brown liquid and has a garlic-like odor. Its 
density is Des 1.23. Malathion dissolves in 
water to the extent of 145 milligrams per 
liter and is somewhat easily hydrolyzed at 
a pH above or below 7. It is miscible with 
most organic solvents. 


Uses 


Because of its insecticidal potency and re- 
duced mammalian toxicity in comparison 
with parathion, malathion is competing 
strongly with the latter as an agricultural 
insecticide. 


Toxicity 


According to Hazleton and Holland (1) 
malathion is much less toxic to mammals 
than parathion. The ratio for inhalation with 
rats for experimental animals is 1:135. The 
acute signs of toxicity are characteristic of 
anticholinesterase activity, but the effect of 
malathion is much less than that of para- 
thion. Chronic oral ingestion of 5,000 parts 
per million of malathion resulted in marked 
depression of cholinesterase levels, but re- 
tardation of growth was noted only at 20,000 
parts per million. The LDs5o9 value for mice 
injected intraperitoneally with malathion 
was approximately 450 milligrams per kilo- 
gram of body weight. Tousey (2) states that 
malathion is low in dermal activity as well 
as in chronic activity and that there is no 
problem of residues on foodstuffs. However, 
the Food and Drug Administration has es- 
tablished a tolerance of 8 parts per million 
on a wide variety of fruits and vegetables. 
The present acute oral toxicity value of 
malathion for rats obtained by various in- 
vestigators ranges from 1,400 to 5,834 milli- 
grams per kilogram with 1,400 milligrams 
per kilogram being a generally accepted 
value. 
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MESITYL OXIDE 


Characteristics 


Mesityl oxide, isopropylideneacetone, 
methyl zso-buteny] ketone, 4-methyl-3-pen- 
tenone-2, (CH3) 2C—CH:-CO-CHs, is a liq- 
uid of strong odor suggestive of mice and 
peppermint, according to Browning (1). It 
dissolves in water with difficulty but is mis- 
cible in both alcohol and ether. Its boiling 
point is 130° C., density p 20/4 0.86532, in- 
dex of refraction n 20/p 1.44397, freezing 
point —46.4°C., vapor pressure 8.7 milli- 
meters of mercury at 20° C., and flash point 
32° C. When diacetone alcohol is dehydrated 
by adding a minute amount of iodine as a 
catalytic agent and this is followed by slow 
distillation, the somewhat more volatile 
mesityl oxide is distilled from the reacting 
materials. Although known as an oxide, this 
substance should preferably be designated 
as an a’,8-unsaturated ketone. Mesityl ox- 
ide combines with sodium bisulfite in satu- 
rated aqueous solution to give a quantitative 
yield of the sulfite addition compound from 
which the original mesity] oxide can be re- 
generated. Mesityl oxide decolorizes bro- 
mine water, reduces alkaline permanganate 
solution, and with alkali and iodine, yields 
iodoform. When boiled with a little sulfuric 
acid or alkali, mesityl oxide yields acetone. 


Industrial Uses 


Mesityl oxide is an excellent solvent for 
cellulose esters and ethers, as well as many 
resins, oils, and fats. Its solvent power for 
nitrocellulose is fully equivalent to that of 
ethyl acetate but in its evaporation rate it 
resembles a heavy solvent. It has been es- 
pecially used as a solvent for synthetic rub- 
ber and for some of the vinyl resins. 


Toxicity 


Specht and his associates (2) found that 
when guinea pigs were exposed to mesityl 
oxide a progressive general narcosis oc- 
curred, which was characterized by depres- 
sion of body temperature, the respiratory 
and heart rates, as well as the abolition of 
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corneal, auditory, and equilibratory reflexes. 
The depression of the various body functions 
was found to be directly proportional to the 
concentration of inhaled vapor. Smyth and 
his associates (3) investigated the physio- 
logical response of guinea pigs and rats to 
repeated inhalation of vapors of mesityl ox- 
ide. Groups of animals were given 30 8-hour 
exposures to controlled concentrations of 
mesityl oxide vapor ranging from 25 to 500 
parts per million. In comparison with iso- 
phorone, the latter appears to have twice the 
cumulative toxicity of mesityl oxide. How- 
ever, mesityl oxide is 30 times as volatile as 
isophorone. Consequently, when the two sol- 
vents are being used in the same way and in 
equal quantities, 15 times as much local ven- 
tilation would be needed for mesity] oxide as 
for isophorone to afford the same degree of 
protection against chronic toxic effects. At 
50 parts per million, mesityl oxide has no 
effect whatsoever on animals. 


Analysis 


In the analysis of the mesityl oxide vapor 
used in their animal experiments, Specht 
and his associates (2) used a modification of 
the iodine titration method developed by 
Patty, Schrenk, and Yant (4). For this pur- 
pose the contaminated air was sampled in 
a 1-liter flask, sodium hydroxide added, the 
flask cooled, a measured excess of standard 
iodine solution added, and after standing, 
the excess iodine back-titrated with sodium 
thiosulfate. 
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METHANOL 


Characteristics 


Methanol, methy! alcohol, wood alcohol, 
wood spirit, wood naphtha, Columbian spir- 
its, Colonial spirits, or carbinol, CH30H, is 
a colorless, clear, very mobile, inflammable 
liquid that is completely miscible with wa- 
ter, alcohol, ether, and with most organic 
solvents. The boiling point is 64.65° C., the 
melting point is —94°C., the density is p 
20/4 0.7915, and the index of refraction is n 
15/p 1.33066. The flash point of methyl] al- 
cohol is variously stated as 6° C. and 9.5° C. 
Its odor is somewhat similar to ethy] alcohol 
and it possesses a burning taste. It is oxi- 
dized to formaldehyde with red-hot copper 
wire coated with oxide and also yields form- 
aldehyde with potassium dichromate and 
sulfuric acid in cold dilute solution. Boiling 
with concentrated hydriodic acid yields the 
iodide (boiling point 43° C.). The acetate 
(boiling point 57.1° C.) and benzoate (boil- 
ing point 199.6° C.) are both liquids and not 
recommended for identification of methanol. 
When methanol is heated with soda lime, 
sodium formate is formed with the evolution 
of hydrogen, and when methanol is distilled 
over zinc dust it breaks down into carbon 
monoxide and water. 


Industrial Uses 


Natural methanol is produced by neutral- 
ization of the products of hardwood distilla- 
tion with lime and subsequent dilution with 
water, treatment with charcoal, and redis- 
tillation. Synthetic methanol is manufac- 
tured by passing a mixture of carbon monox- 
ide and hydrogen at high pressure and 
elevated temperature over a catalyst. Pro- 
duction of the latter type steadily expanded 
throughout the late war period and the pro- 
duction of natural methanol has dropped in 
volume since 1941. In 1947, 539,698,232 
pounds were produced synthetically and 
16,401,191 pounds by hardwood distillation. 
By far the largest amount of methanol is 
used in the production of formaldehyde 
(430,326,694 pounds). Approximately 39 per 
cent is used in anti-freeze, 9 per cent as a 
denaturant, and 5 per cent is used as a sol- 
vent. Smaller amounts are used for the pro- 
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duction of synthetic indigo and other dyes, 
for rubber accelerators, as a general solvent 
in organic syntheses and in paints, varnishes, 
and paint removers. Production in 1954 
amounted to 1,118,477,000 pounds. 


Toxicity 


The widespread use of methanol in indus- 
try together with the known toxicity of this 
substance has been a frequent cause for 
comment (1, 2). The vapor of methanol 
causes stupor, dizziness, depression of the 
central nervous system, cramps, disturb- 
ances of the digestive organs and of the blad- 
der, and acidosis. Cases of blindness due to 
the effect of methanol on the optic nerve 
have been reported in industrial workers ex- 
posed to high concentrations of methyl al- 
cohol vapor. Individual sensitivity has been 
noted and varies within wide limits. The 
symptoms shown in less severe cases of poi- 
soning are headache, nausea, vomiting, and 
irritation of the mucous membranes. It has 
recently been shown in experiments with 
rats which were fed methanol that 31 per 
cent of the total amount ingested was ex- 
creted through the respiratory tract in from 
96 to 138 hours (3). The acute LDso of 
methyl alcohol was found to be 15.5 milli- 
liters per kilogram for rats (4). This value 
is double that commonly reported for ethyl 
alcohol. The chief pharmacological effect 
noted was that of depression of the central 
nervous system. Although methyl alcohol 
was less toxic than ethyl alcohol in single 
acute doses, it was more toxic when given in 
fractional doses over a period of time due to 
the slower rate of oxidation and excretion. 
The recovery from chronic poisoning always 
occurs very slowly. Mass poisoning from the 
ingestion of methyl alcohol has frequently 
occurred. The destructive physiological ef- 
fect of methanol has been ascribed to its oxi- 
dation within the body with the resulting 
formation of either formic acid or formalde- 
hyde which poisons the nervous tissue. Ac- 
cording to Zatman (5), no oxidation of meth- 
anol to formaldehyde occurs in the presence 
of ethanol. Henderson and Haggard (6) cal- 
culate that with an exposure of 200 parts per 
million of methy] alcohol, which corresponds 
to 0.29 milligram per liter, a working man 
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of 70 kilograms would absorb into the body 
during a working day of 8 hours 0.870 gram 
of methyl alcohol. According to these au- 
thors, the concentrations of methyl alcohol 
appearing in blood, urine, or expired air on 
repeated determinations would be a better 
index of the safety of working conditions 
than a standard based on ventilation. The 
accepted exposure to this concentration 
would result in the accumulation and reten- 
tion after exposure of 34.4 grams of meth- 
anol. Obviously many days and nights of 
continuous exposure would be required be- 
fore these equilibrium values were reached. 


Analysis 

Hine and his associates (7) have recently 
developed a colorimetric method for the de- 
termination of methanol in blood and other 
tissues which depends upon the acid dichro- 
mate oxidation of methanol. The detection 
and determination of methyl alcohol as an 
air contaminant usually depends upon its 
oxidation to formaldehyde and the colori- 
metric estimation of the resulting formalde- 
hyde by means of Schiff’s reagent. Various 
means have been adopted for carrying out 
this oxidation, of which Jephcott’s (8) oxi- 
dation with potassium permanganate ap- 
pears to be the most accurate. This proce- 
dure, which had previously been developed 
and modified by Chapin (9) for the detection 
and estimation of small amounts of methyl] 
alcohol in solution, has been extended and 
applied to the determination of air samples 
(8). Rogers (10) has recently subjected this 
method to critical study, particularly with 
reference to the efficiency of methods used 
for collecting the samples from the contam- 
inated air, and has found that the midget, 
impinger has a collecting efficiency of ap- 
proximately 92 per cent at atmospheric con- 
centrations of 200 parts per million of meth- 
anol. 
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METHOXYCHLOR 


Characteristics 


Methoxychlor, 2, 2-bis (p-methoxy- 
phenyl) -1,1, 1-trichloroethane, 2, 2-di-p- 
anisyl-1,1,1-trichloroethane is a white 
crystalline substance prepared by the con- 
densatign of anisole with chloral in the pres- 
ence of sulfuric acid or almuinum chloride. 
It melts at 89°C. and a dimorphic form 
melting at 78°C. has been described. Its 
density is dos 1.41. Methoxychlor is practi- 
cally insoluble in water, but is soluble in al- 
cohol. It is somewhat less soluble in petro- 
leum solvents than DDT. While more 
resistant to alkali than DDT, it is slowly 
dehydrochlorinated by this agent to 2, 2-bis- 
(p-methoxypheny]) - 1,1 - dichloroethylene 
and is also subject to catalytic dehydrochlo- 
rination by heavy metals. 
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Uses 


As an insecticide methoxychlor is espe- 
cially effective against the Mexican bean 
beetle and has the advantage of more rapid 
knockdown than DDT. 


Toxicity 


Methoxychlor is much less toxic to warm- 
blooded animals than DDT and, in addition 
to being only 1/25 to 1/50 as toxic, is pre- 
ferred for use on animals in dairy barns, as 
it is not accumulated in fatty tissues nor 
excreted in milk. According to Krister (1) 
methoxychlor ranks high as an insecticide 
and decomposes completely in the body with 
no storage in the tissues. Hodge and his asso- 
ciates (2) maintained rats on diets contain- 
ing 0.0025 to 0.16 per cent of methoxychlor 
for 2 years without ill effects except slight 
retardation of growth at the highest concen- 
tration. Experiments with dogs fed 20 to 300 
milligrams per kilogram per day similarly 
indicated no ill effects nor tissue damage. 
Similar results with rats were obtained by 
Haag (3) in ingestion experiments, although 
methoxychlor was found to be more toxic 
to rats than DDT when administered by in- 
halation in kerosene spray. However, meth- 
oxychlor has in general been found to be 
much less toxic than DDT and apparently 
is one of the safest of insecticides. 
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METHYL ACETATE 


Characteristics 


Methyl acetate, CH3;CO2CHs, is a color- 
less, transparent, volatile, inflammable liq- 
uid having a fragrant odor and a pungent 
taste. It boils at 56.32° C. (1), has a density 
of p 20/4 0.9274, an index of refraction n 
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20/D 1.3617, is partly soluble in water (about 
31.9 grams per 100 grams of water), and 
dissolves readily in the ordinary organic 
solvents. Its vapor pressure at 30° C. is 265 
millimeters of mercury. Methyl acetate is 
derived from methanol by heating with ace- 
tic and sulfuric acids, followed by distilla- 
tion. 


Industrial Uses 


No recent figure for the production of 
methyl acetate in the United States is avail- 
able. However, production in 1942 amounted 
to 1,960,000 pounds. The principal use for 
methyl] acetate is as a solvent for nitrocellu- 
lose and other cellulose esters in the manu- 
facture of artificial leather and plastics. It 
has some use in the manufacture of paints, 
varnishes, and lacquers and in the perfume 
industry. While used to some extent as a 
substitute for acetone in cellulose coating 
lacquers, it has the disadvantage of hydro- 
lyzing too easily. 


Toxicity 


Exposure to methyl acetate vapor causes 
some irritation to the mucous membranes 
of the eye and the upper and lower respira- 
tory passages. There is an increased flow of 
saliva. Methyl acetate is more weakly nar- 
cotic than some of the higher homologues, 
such as amy] acetate. In animals, inhalation 
of amounts below the threshold limit for nar- 
cosis produces general poisoning and long- 
lasting after-effects. There is usually no re- 
covery following deep narcosis. The blood 
changes observed in animal experimentation 
consist chiefly of an increase in red and white 
cells and an increased hemoglobin. Serious 
exposure results in injury to the blood ves- 
sels, pulmonary hemorrhages, and pulmo- 
nary edema. No fatal industrial poisonings 
have been reported. However, Duquénois 
and Revel (2) noticed ocular and nervous 
disturbances in workers exposed to this va- 
por. Inflammation of the eyes, nervous ir- 
ritating phenomena, dyspnea, tightness of 
the chest, palpitation of the heart, and ex- 
haustion were observed. It was suggested 
by these investigators that methyl acetate 
may resemble methyl alcohol in producing 
atrophy of the optic nerve. 
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Analysis 

There is no specific method for the deter- 
mination of methyl acetate where it exists 
as an aerial contaminant. Samples may be 
drawn over activated charcoal or silica gel 
and the amount adsorbed determined by the 
increase in weight in those cases where other 
aerial contaminants are absent. Methyl ace- 
tate may also be absorbed in alcohol using 
fritted glass bubblers and the acetate con- 
tent determined by refluxing with a known 
amount of standard sodium hydroxide solu- 
tion, followed by back-titration. 
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METHYLAL 


Characteristics 


Methylal, also known as formal, di- 
methoxymethane, formaldehyde dimethyl 
acetal, and methylene dimethyl ether, 
CH;—O—CH,—O—CHs, the simplest of 
the group of acetals, can be prepared very 
simply by the interaction of formaldehyde 
and methanol catalyzed by dry hydrogen 
chloride, or even by calcium chloride. It is a 
clear, thin mobile liquid, lighter than water 
and soluble to the extent of about 1 part in 3 
of water. Methylal boils at 42.3° C., melts 
at —105° C., has a density of p 20/4 0.8608 
and refractive index of n 18/p 1.3589. Its 
odor is slightly pungent and taste is alco- 
holic. Methylal, unlike ethers, does not form 
peroxides on standing. It is perfectly stable 
except in highly acid and aqueous solutions. 
It is stable in the presence of alkaline to 
moderately acid (pH of 3) solutions. 


Uses 


Until recently methylal was of little com- 
mercial interest; however, it is now avail- 
able on a tonnage basis and its characteris- 
tics and excellent solvent properties have 
initiated a rapidly expanding program of 
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industrial applications. It is an active or la- 
tent solvent for a number of materials of 
industrial importance, such as nitrocellu- 
lose, cellulose acetate and propionate, ethyl 
cellulose, vinyls, and polystyrene, as well as 
natural gums, waxes, and resins. As an ex- 
traction solvent it is in many ways superlor 
to diethyl ether. It has been found to be 
especially useful in the plastics and perfume 
industries, and has been useful as a special 
fuel in rocket and ramjet engines. 


Toxicity 


In common with many other volatile or- 
ganic substances, methylal has at various 
times been suggested as an inhalation anes- 
thetic, but it was not untill 1943 that Bacq 
and Dallemagne made a serious investiga- 
tion of the anesthetic action of methylal 
(1). In that year Bacq and Dallemagne 
used methylal in some 22 surgical opera- 
tions as an anesthetic, having found that it 
could be used safely for that purpose. They 
found that the after-effects were less than 
with either ether or chloroform. However, it 
produced anesthesia more slowly than ether 
and its effect was more transitory. In 1950 
Weaver, Hough, Highman, and Fairhall 
(2) determined the acute and chronic toxic- 
ity of methylal with white mice and guinea 
pigs as experimental animals. Experimental 
investigation of the metabolism of methylal 
did not indicate that the path of methylal 
excretion was other than that of ordinary 
respiration. In view of Keeser’s investiga- 
tion of the metabolism of methanol (3), 
tests for formaldehyde and formic acid were 
made of the vitreous humor and urine. How- 
ever, there was no indication of the presence 
of these substances in any case. It is pos- 
sible, therefore, in view of the stability of 
methylal in neutral or alkaline media, that 
methylal is not hydrolyzed at the pH of the 
body tissue fluids. Animals exposed to high 
concentrations of methylal often developed 
severe fatty changes in the liver, kidney, 
and heart and inflammatory changes in the 
lungs. Lower concentrations generally pro- 
duced no significant pathologic changes. 
The LDspo value for male laboratory animals 
was found to be 18,354 parts per million and 
the threshold appeared to be about 11,300 
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parts per million. It would appear therefore 
that a reasonable safe working concentra- 
tion for workers continuously exposed to 
methylal vapor for an 8-hour working day 
would be 1,000 parts per million. 


Analysis 


Air samples taken in the above investiga- 
tion (2) were allowed to stand overnight 
following the introduction of 1 per cent hy- 
drochloric acid. The solution was than made 
up to 100 milliliters with water, 10 milli- 
liters of this diluted solution transferred to 
a 100 milliliter Nessler tube and made up 
to 100 milliliters with water followed by 5 
milliliters of Schiff’s reagent, and the color 
compared, after standing 10 minutes, with 
standards prepared under identical condi- 
tions. 
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METHYL BROMIDE 


Characteristics 


Methyl bromide, monobromomethane, 
CH:Br, boiling point 4.5° C., melting point 
—93° C., and density p 0/0 1.73, is a color- 
less noninflammable gas at ordinary tem- 
perature and pressure and possesses but 
very little odor. At ordinary temperatures, 
methyl bromide is approximately three and 
one-third times as heavy as air, an impor- 
tant point with reference to industrial ex- 
posure. While it is soluble in most organic 
solvents, it is usually stated to be insoluble 
in water. The methyl bromide of commerce, 
however, dissolves to the extent of 6 to 10 
grams per liter of water at 18° C. (1). With 
cold water, methyl bromide forms a volumi- 
nous crystalline hydrate. Owing to the very 
slight odor of methyl bromide, no warning 
of danger may be apparent to workers en- 
gaged in handling this substance. The ad- 
vantage of methyl bromide as an insecticide 


283 


against a wide variety of insects in all stages 
of insect life has led to its extensive applica- 
tion in the fumigation of fruits and veg- 
etables (2, 3). Application was made of 
methyl bromide early in the war as a de- 
lousing agent. 


Industrial Uses 


In addition to its general application as a 
fumigant for insecticidal purposes, methyl 
bromide is used as an intermediate in the 
chemical industry, as a refrigerant, and in 
fire extinguishers. Its value as a fire extin- 
guishing agent appears to be due largely to 
its blanketing action because of its great 
density. Its use for this purpose has been 
somewhat discouraged, however, owing to 
the very toxic nature of methyl bromide. 
Rising from a rather small output before 
the war, the maximum production figures 
for the United States were 3,678,000 pounds 
for 1944. Methyl bromide is used as a low 
boiling solvent and for the preparation of 
methyl compounds in the manufacture of 
aniline dyes. 


Toxicity 


Methyl] bromide is a highly toxic material 
of insidious action and is comparable in this 
respect with such substances as chloropicrin 
and the cyanides. It is toxic to the skin, 
causing vesicular dermatitis and second de- 
gree burns (4); to the respiratory system, 
causing bronchitis, pneumonia, and pulmo- 
nary edema; to the alimentary system, 
causing gastrointestinal disturbances and 
hepatic disfunction; and particularly to the 
nervous system. Short exposures to high 
concentrations cause headache, dizziness, 
nausea, vomiting, weakness, and diplopia. 
This is followed by mental excitement, epi- 
leptiform convulsions, muscular tremors 
and spasms, mental confusion, and at times, 
acute mania. The most serious disturbances 
are those arising from its effect on the cen- 
tral nervous system. Clarke and associates 
(5) report four cases (two fatal) of methyl 
bromide poisoning which occurred as a re- 
sult of leakage of the fire-fighting apparatus 
on a British warship. In view of the ex- 
tremely toxic nature of methyl bromide, its 
use in fire extinguishers of any type is highly 
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questionable. Most authorities are in agree- 
ment with a maximum allowable concentra- 
tion value of no greater than 20 parts per 
million in the air to which workers may be 
exposed. 


Analysis 


Methyl bromide may be detected as an 
atmospheric contaminant by means of a 
halide flame detector, which is sensitive to 
concentrations as low at least as 50 parts per 
million. This method, however, suffers from 
the disadvantage of being nonspecific. 
Turner’s method, (6) for the micro estima- 
tion of bromides, made by conversion to 
pentabromorosaniline, can be adapted to 
atmospheric impinger samples. Chlorides do 
not interfere. Methyl bromide in concentra- 
tions as low as 1 part per million may be de- 
termined by combustion in a quartz tube at 
95° to 1000° C. and absorption of the com- 
bustion products in dilute sodium hydroxide 
(7). The bromine content of the sodium hy- 
droxide solution is determined by the 
Kolthoff-Yutzy procedure (8). Russel (9) 
has developed a rapid method of determin- 
ing small quantities of methyl bromide fol- 
lowing fumigation with this substance. 
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METHYL CHLORIDE 


Characteristics 


Methyl chloride, monochloromethane, 
CH3Cl, is a colorless, liquefiable gas, having 
a faint sweet, ethereal odor. It is soluble in 
both water and in ethyl alcohol; boiling 
point —24.2° C.; melting point —97.9° C.; 
specific gravity 1.785 (air = 1). Its solu- 
bility in water at 16° C. is 280 milliliters 
per 100 grams of water. The commercial 
production of methyl chloride in this coun- 
try is based either on the reaction of hydro- 
gen chloride on methyl alcohol in thé pres- 
ence of a catalyst or by the reaction of 
chlorine on methane. In the latter process, 
dichloromethane, chloroform, and_tetra- 
chloromethane are also formed. Chlorine 
and methane in certain proportions form ex- 
plosive mixtures and careful control of this 
process is required. In both methods of prep- 
aration, removal of corrosive impurities and 
moisture to very strict limits is required. 
Foreign production of methyl chloride in- 
cludes another process which is based upon 
the decomposition of trimethylamine hydro- 
chloride at 360° C. Methyl chloride can be 
hydrolyzed with calcium hydroxide to form 
methanol and this method of commercial 
methanol synthesis was proposed prior to 
the method finally adopted of direct syn- 
thesis from carbon monoxide and hydrogen. 
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Industrial Uses 


Because of its stability, relatively low 
boiling point, and the fact that it is rela- 
tively noninflammable, nonexplosive, and 
noninjurious to food, methyl] chloride has to 
a large extent replaced ammonia and sulfur 
dioxide in refrigeration. It finds other uses, 
such as a dewaxing medium in petroleum re- 
fining, as a catalyst solvent in synthetic rub- 
ber production, and as a methylating agent 
in synthetic organic chemical production. 
During the war when the Freons were not 
readily available, methyl chloride was pro- 
posed and to some extent used in the aerosol 
technique of insecticide distribution. Methyl 
chloride is transported as a liquefied gas in 
cylinders for small users and in drums con- 
taining 1,200 pounds or in tank cars holding 
24,000 to 36,000 pounds for large users (1). 
The production of methyl chloride, both 
crude and refined, in the United States in 
1945 amounted to 29,702,000 pounds. Pro- 
duction in 1954 amounted to 33,147,000 
pounds. 

Toxicity 

Methyl chloride is broken down in the 
body into methanol and hydrochloric acid. 
The chlorides formed by the neutralization 
of the hydrogen chloride produced are of 
course of no importance toxicologically. The 
speed and extent of the preliminary break- 
down of methy! chloride in the body are not 
known. However, the excretion of methyl 
chloride is very slow and occurs principally 
through the lungs. It would appear that the 
toxic action of methy] chloride is attributa- 
ble chiefly to its function as a molecular en- 
tity. Methyl] chloride is only a mild narcotic 
and the victim may be unaware of exposure 
to the gas over some period of time since it 
is nonirritating and is almost odorless. The 
symptoms of mild poisoning are character- 
ized by a staggering gait, dizziness, and 
headaches, which are followed hours later by 
anorexia, nausea, and vomiting. The illness 
following moderate exposure may last for 
several weeks and is often characterized by 
such ocular symptoms as mistiness, diplopia, 
and difficulty in accommodation. Very seri- 
ous cases are characterized by severe in- 
volvement of the central nervous system 
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and often by hepatic and renal damage and 
depression of bone marrow activity. The 
mortality is high and in those who survive 
some prolonged or permanent incapacity is 
not uncommon (2). Sayers, Yant, Thomas, 
and Berger (3) found that all animals ex- 
posed from 10 to 110 minutes to concentra- 
tions of from 9.5 to 15.3 per cent died 1 to 
4 days later. Since methyl chloride is some- 
times used in place of Freon gas for refrig- 
eration and air conditioning and _ since 
methyl chloride has so little odor, acrolein 


is sometimes added to serve as a warning 


agent. McNally (4), however, reports eight 
cases of methyl chloride poisoning with three 
deaths as proof that acrolein is not an ab- 
solutely dependable warning gas for the 
highly toxic methyl chloride refrigerant. 
Smith and von Oettingen (5) state that daily 
exposures to concentrations of 500 parts per 
million are extremely dangerous even for a 
period of 2 weeks or less and recommend a 
maximum allowable concentration value of 
well below 500 parts per million for expo- 
sures of relatively long duration. 


Analysis 


Methyl] chloride is more readily decom- 
posed than many other chloro-organic com- 
pounds encountered in industrial hygiene 
surveys, and most of the procedures adopted 
for the analysis of such substances are read- 
ily applicable to methyl] chloride. It may be 
detected as an aerial contaminant by means 
of the halogen flame detector and may be 
quantitatively determined by decomposition 
with alkali in a pressure flask and subse- 
quent estimation of the chloride found by 
means of a Volhard titration. Patty, 
Schrenk, and Yant (6) devised a combustion 
method for methyl chloride vapor in air 
which is adequate for determination of 
methyl chloride concentrations of the order 
of 50 parts per million. Timmis (7) has re- 
cently devised an apparatus suitable for the 
detection and estimation of small amounts 
of such chloro compounds in air. A recent 
method described for the determination of 
low concentrations of methy! chloride in air 
consists of passing a measured volume of the 
contaminated air through an electric spark 
between carbon electrodes and absorbing the 
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products of combustion in sodium arsenite 
solution. The solution is slightly acidified 
and the trace of chloride present is deter- 
mined nephelometrically (8). 
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METHYLCYCLOHEXANE 


Characteristics 
Methylcyclohexane, hexahydrotoluene, 
CH.—CH, 


CH, 


\ 
CH.—CH; 


is a colorless liquid having a boiling point 
of 100.80° C., a melting point of —126.4° C., 
density p 25/4 of 0.76512, and index of re- 
fraction of n 20/p 1.42310. The lower limit 
of inflammability in air is 1.2 per cent by 
volume. Methyleyclohexane is insoluble in 
water but is miscible with many organic 
solvents. It is insoluble in methyl nitrite 
even at 23° C., but is soluble in benzyl al- 
cohol at 30°C. Methyleyclohexane is not 
affected by concentrated sulfuric acid or by 
a mixture of nitric and sulfuric acids at room 
temperature. When treated with dry bro- 
mine with a trace of aluminum bromide, it 
1s converted to pentabromotoluene, which 


CH—CH,, 
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crystallizes in needles from benzene and has 
a melting point of 284° C. Methyleyclohex- 
ane is present in certain petroleums found 
in the Near East and may be separated by 
distillation. The catalytic hydrogenation of 
toluene produces methylcyclohexane and it 
may also be produced by causing benzene 
and methane to react at high temperatures. 


Industrial Uses 


Methyleyclohexane is chiefly used as a 
solvent and has certain properties which 
make it desirable as a co-solvent for cellu- 
lose ethers. It has limited application also 
for organic synthesis. 


Toxicity 


Lazarew (1) determined the amount of 
methyleyclohexane in air which would pro- 
duce physiological response in white mice. 
With an inhalation period of 2 hours, this 
investigator found that 30 to 40 milligrams 
of methyleyclohexane per liter (7,500 to 
10,000 parts per million) caused prostration 
and 40 to 50 milligrams per liter (10,000 to 
12,500 parts per million) caused death. The 
minimum lethal dose administered by mouth 
for rabbits was found by Treon and his asso- 
ciates (2) to lie between 4 and 4.5 grams per 
kilogram. Severe diarrhea occurred, but no 
convulsions were noted. Repeated applica- 
tion of methyleyclohexane to the skin of a 
rabbit induced local irritation and thicken- 
ing, but did not cause death. The irritation 
appeared on the second day and increased 
somewhat on successive treatments. A con- 
centration of 4.57 milligrams of methylcy- 
clohexane per liter of air (1,162 parts per 
million) appears to be innocuous for rabbits 
(2). Prolonged exposure to 372 parts per 
million appears to be harmless for monkeys. 
Deaths occurred amongst animals exposed 
repeatedly to concentrations of 28.75 milli- 
grams per liter or higher. Narcosis occurs, 
general convulsions, and in the case of lethal 
concentrations, conjunctival congestion with 
mucoid secretion and lacrimation, saliva- 
tion, coughing, sneezing, labored breathing, 
and diarrhea. The above investigators found 
increases in the rectal temperature of rab- 
bits exposed to the highest concentrations 
and a slight fall in the daily rectal tempera- 
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ture after exposure to all lower concentra- 
tions. No industrial poisoning from exposure 
to methyleyclohexane has been reported. 


Analysis 


No specific analytical method for the de- 
termination of methylcyclohexane as an at- 
mospheric contaminant has been developed 
so far. It should be possible, however, to ap- 
ply a properly calibrated combustion indi- 
cator to the determination of this substance 
when it is the sole organic atmospheric con- 
taminant. 
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METHYLCYCLOHEXANOL 
Characteristics 
Methyleyclohexanol, hexahydrocresol, 


hexahydromethylphenol, CH3C.H,,0H, 
molecular weight 114.18, is an anhydrous 
mixture of the three isomeric 0, m, and p 
forms, each of which can exist in two geo- 
metric modifications. It is obtained by the 
hydrogenation of cresol, and since the com- 
mercial cresol is essentially a mixture of the 
m and p: isomers of this substance, hydrogen- 
ation results in an admixture of the three 
isomers of methylcyclohexanol. The com- 
mercial product is a neutral, colorless, oily 
liquid having an odor resembling amy] al- 
cohol, although weaker, and is but slightly 
soluble in water. Its boiling point range is 
170 to 180° C. and density at 20° C. is 0.922. 
Its volatility is half that of cyclohexanol 
and its refractive index at 25° C. is 1.4580. 


Industrial Uses 


Methylcyclohexanol has much the same 
uses as cyclohexanol but is not as powerful 
a solvent. It is used in soap manufacture, 
in the textile and artificial silk industry, as 
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a degreaser, and in the manufacture of iso- 
prene rubber. 


Toxicity 


Pohl (1) in 1925 found that on oral ad- 
ministration of methylcyclohexanol to dogs, 
cats, and rabbits the only noticeable effect 
was that of narcosis. When inhaled by ani- 
mals he found it practically nontoxic. An 
examination by the British Home Office in 
the years 1933, 1934, and 1935 of workers 
using methyleyclohexanol proved the com- 
pound to be nontoxic though two workers at 
one time showed slight disturbance of the 
white cell count (2). Treon and associates 
(3) found the methylated series—methy]l- 
cyclohexanone, methylcyclohexanol, meth- 
yleyclohexane—to be more toxic than the 
corresponding nonmethylated compounds 
when administered orally or when applied to 
the skin. Anesthesia developed rapidly fol- 
lowing administration of both lethal and 
sublethal doses of methylcyclohexanol and 
likewise there was an increase in the glu- 
curonic content of the urine. Repeated cu- 
taneous application resulted in convulsive 
movements, narcosis, and death (minimum 
lethal dose for rabbits lies between 6.8 and 
9.4 grams). Animals exhibited no evidences 
of discomfort or intoxication during periods 
of exposure to from 0.56 to 1.06 milligrams 
of methylcyclohexanol per liter of air. At 
2.3 milligrams per liter, it caused irritation 
to the eyes of rabbits. No blood changes 
were observed in animals subjected to in- 
halation or to oral or cutaneous administra- 
tion (3). 


Analysis 


The concentration of methylcyclohexanol 
in air has been determined colorimetrically 
by Treon and associates (3, p. 327) by meas- 
uring the intensity of the straw color pro- 
duced by its reaction with catechol and con- 
centrated sulfuric acid. The sample is 
compared with a suitable standard in a 
2-inch cell of a wedge photometer at 520 or 
540 millimicrons. The acetyl value (the 
number of milligrams of potassium hydrox- 
ide required to combine with the acetic acid 
liberated from 1 gram of acetylated sub- 
stance) for methyleyclohexanol is 492. 
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METHYLCYCLOHEXANONE 
Characteristics 
Methyleyclohexanone, methyl anone, 


CH3C;H,CO, is a neutral, colorless, some- 
what viscous liquid with an odor resembling 
that of acetone. It has a molecular weight of 
112.16, a density of 0.915, boiling point from 
169 to 171° C., and a vapor pressure of 10 
millimeters of mercury at 55° C. It is solu- 
ble in water to the extent of 2 to 3 per cent 
at 20° C. It closely resembles cyclohexanone 
in its physical properties and as solvents 
they are interchangeable. Since commercial 
cresol is essentially a mixture of m and p 
isomers, its hydrogenation to methyleyclo- 
hexanol and the partial dehydrogenation of 
methyleyclohexanol to methyleyclohexa- 
none finds methyleyclohexanone also chiefly 
a mixture of the m and p isomers. Any one 
of the three methylcyclohexanones may be 
distinguished from the other isomers by dis- 
solving it in concentrated hydrochloric acid. 
After standing at room temperature for 24 
hours, the 0 compound is unchanged, the 
m crystallizes and the p-compound sepa- 
rates as a viscous oil. With benzaldehyde in 
alkaline solution, the o yields a yellow oil, 
the m from alcohol solution yields yellow 
crystals of melting point 122° C., and the p 
yields yellow crystals of melting point 98 
to 100° C. 


Industrial Uses 


Methylceyclohexanone is a solvent used in 
the manufacture of lacquers and varnishes 
and of plastics. It is used in the leather in- 
dustry and as a rust remover. 


INDUSTRIAL TOXICOLOGY 


Toxicity 

Methylcyclohexanone has an irritating ef- 
fect on the mucous membrane. Repeated 
cutaneous application to the skin of rabbits 
produces hypothermia, narcosis, and con- 
vulsive movements. The minimum lethal 
dose when applied to the skin is between 
4.9 and 7.2 grams per kilogram (1). Anes- 
thesia and cyanosis develop rapidly follow- 
ing the oral administration to rabbits. In air 
the maximum concentration harmless for 
rabbits on prolonged exposure lies between 
0.82 and 2.31 milligrams per liter. At 2.31 
milligrams per liter, it irritates the eyes of 
the animals. Methyleyclohexanone does not 
cause narcosis within the limits of concen- 
trations that can be obtained at ordinary 
temperatures. The decrease in the ratio of 
the inorganic sulfates and likewise the ex- 
cretion of glucuronic acid in the urine of 
rabbits during exposure varies with the con- 
centration to which the animals were ex- 
posed. No changes are observed in the blood 
of animals subjected to inhalation of these 
compounds. 


Analysis 


Both cyclohexanone and methylcyclo- 
hexanone in air were determined colori- 
metrically by Treon and his associates (1) 
by measuring the intensity of the pink color 
produced by a reaction of the Zimmerman 
type, with m-dinitrobenzene. The resultant 
samples were compared with freshly pre- 
pared standards in the 2-inch cell of a wedge 
photometer at 540 millimicrons. 
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METHYL FORMATE 
Characteristics 


Methyl formate, HCOOCHs, is a color- 
less, inflammable liquid, having a boiling 
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point of 31.5° C., a melting point of —99.0° 
C., density of p 20/4 0.97421, and an index 
of refraction of n 20/p 1.344. It has a flash 
point of —32° C., a vapor pressure at 20° C. 
of 476.4 millimeters of mercury, is soluble in 
water, alcohol, and ether, and has an agree- 
able ethereal odor. The lower limit of in- 
flammability of methyl formate is about 5 
per cent and, at this concentration, it is read- 
ily detectable by odor and by its irritant 
properties. Methyl formate is made by heat- 
ing methy] alcohol with sodium formate and 
hydrochlorie acid, followed by distillation. 


Industrial Uses 


Methy] formate is used as a fumigant and 
larvicide, as a reagent in making various 
organic and intermediate chemicals, and as 
a solvent for cellulose acetate. 

Toxicity 

It would be anticipated that the vapors 
of the esters of organic acids would be to 
some extent hydrolyzed following absorp- 
tion or contact with mucous surfaces and the 
skin, and that the acid and the correspond- 
ing alcohol would be liberated locally. In 
such cases, the chemical nature of the or- 
ganic acid would determine the physiologi- 
cal response to absorption of the ester. On 
these grounds, methyl formate would be ex- 
pected to be more irritating than the acetate. 
Methyl formate has been found indeed to 
have more irritating action than either 
methyl or ethyl acetate. Schrenk and his 
associates (1) found the symptoms occur- 
ring in guinea pigs exposed to methyl for- 
mate vapor to be, in the order of their ap- 
pearance, nose and eye irritation, retching 
movements, incoordination, narcosis accom- 
panied by incoordinated movement of the 
extremities, and death. Methyl formate va- 
por was especially irritating to the lungs. 
Whatever anesthetic effects were developed 
were stated to be due to the alcohol. The 
physiological responses for a single exposure 
indicated that 0.5 per cent is the maximum 
amount for 60 minutes’ exposure without 
serious disturbances, and 0.15 to 0.20 per 
cent is the maximum amount for exposure 
for several hours without serious disturb- 


ances. 
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Analysis 


Methy] formate as an aerial contaminant 
was determined by Schrenk and his associ- 
ates (1) by using air-equilibrated activated 
charcoal to adsorb the gas from a measured 
volume of the vapor-air mixture and then 
determining the gain in weight. It is nec- 
essary to remove the soda lime from the 
usual adsorption train as the latter causes 
hydrolysis of the methyl formate. Silica gel 
could also be substituted for activated char- 
coal in this determination and larger 
amounts of methyl formate could be deter- 
mined by hydrolysis with standard alkali 
and titration with standard acid, or by hy- 
drolysis and precipitation of silver formate 
from a neutral solution of silver nitrate. 
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METHYL IODIDE 


Characteristics 


Methyl iodide, iodomethane, CHI, is a 
colorless, transparent, mobile, aromatic, 
sweet smelling, acrid liquid which turns 
brown on exposure to light. It boils at 45° C., 
melts at —66.1° C., decomposes at 270° C., 
has a specific gravity of 2.293 (18° C.), and 
an index of refraction n 21/p of 1.5293. It is 
miscible with alcohol and ether and is 1.4 
per cent soluble in water. Methyl] iodide is 
formed by the action of phosphorus tri-io- 
dide in replacing the hydroxyl group of 
methyl alcohol or instead of using ready 
prepared phosphorus tri-iodide by mixtures 
of phosphorus, iodine, and methyl] alcohol. 
It is also prepared by the interaction of di- 
methy] sulfate and sodium iodide and by the 
interaction of methyl] alcohol, sodium iodide, 
and sulfuric acid with subsequent distilla- 
tion. 


Industrial Uses 


Methy] iodide is of special importance in 
organic syntheses, since its iodine atom is 
very reactive and since it is a liquid at room 
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temperature, which makes it easier to use 
than methyl] chloride or bromide, which are 
both gases at that temperature. Besides its 
use in methylations, it is used in microscopy 
because of its high refractive index; as im- 
bedding material for examining diatoms; 
and as a testing material. 


Toxicity 


According to Garland and Camps (1), 
there is a striking resemblance between 
methyl! iodide poisoning and poisoning with 
methyl chloride and methyl bromide. They 
report that Jaquet in 1901 recorded the case 
of a man who contracted methyl iodide poi- 
soning while employed in a dyeworks (2). 
The symptoms were vertigo, diplopia, and 
ataxia, the patient swaying as if drunk. 
Chemical tests of the urine showed iodine 
to be present. Delirium and mania made 
treatment in a mental hospital necessary. 
Mental dullness persisted. An account is 
given by Garland and Camps of the case of 
a worker on the process of manufacturing 
methyl iodide in an open method where un- 
doubtedly he was exposed to its fumes. He 
was found drowsy and unable to walk; the 
speech was slurred and incoherent. The mus- 
cles of the upper limbs twitched and the 
lower limbs were spastic. Only 1 pint of 
urine was passed in 24 hours; it contained 
9 milligrams of combined iodine per 100 
milliliters and no bromine or methyl alco- 
hol. The patient died a week later. Chemical 
examination of the brain yielded a total of 
6 milligrams of combined iodine. In 1940, 
Hunter, Bomford, and Russell recorded four 
eases of poisoning through inhalation of 
methyl mercury iodide in a factory for the 
production of fungicides (3). With the ex- 
ception of tremor, the symptoms of poison- 
ing by inorganic mercury were absent and 
the symptoms resembled much more those 
of the nervous system associated with 
methyl derivatives. Severe generalized 
ataxia, dysarthria, and gross constriction of 
the visual fields were present, while memory 
and intelligence were unaffected. Since 
methyl iodide has not always been regarded 
as dangerous, all workmen must be informed 
of the dangers associated with this material. 
Buckell (4) regards methyl iodide as at least 
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as toxic as methyl bromide and several times: 
as toxic as carbon tetrachloride. The method 
of manufacture should be that of total en- 
closure and also adequate ventilation should 
be provided. 


Analysis 


While no method for the detection and 
estimation of methy] iodide as an aerial con- 
taminant has so far been devised, the de- 
velopment of a suitable procedure should 
present no difficulty to the industrial hygiene 
chemist. Methyl iodide is readily hydro- 
lyzed. It gives a precipitate with alcoholic 
silver nitrate in the cold. With dimethyl- 
aniline, it rapidly forms trimethylphenyl- 
ammonium iodide, which is volatile at 220° 
C. and which is soluble in cold alcohol (1 
part in 90 parts of alcohol). It forms addi- 
tion compounds with pyridine, having a 
melting point of 117° C., and with quinaline, 
melting point 72° C. In addition to the ease 
of hydrolysis with alkalies, which would per- 
mit the quantitative evaluation of small 
amounts of methyl iodide by iodine titra- 
tion, methyl iodide readily forms addition 
compounds with tertiary amines. These de- 
rivatives yield fully ionized iodine in aque- 
ous solution and the latter may be titrated 
with silver nitrate in neutral or acid solu- 
tion. 
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METHYL METHACRYLATE 


Characteristics 
Monomeric methy] methacrylate, 
CH:C(CH;) COOCHs, 


is one of the more important esters of metha- 
crylic acid. These esters are changed into . 
resins by heat and light and such catalysts © 
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as oxygen, ozone, and peroxides. Methyl 
methacrylate boils at 100.3°C. (76 milli- 
meters of mercury), has a specific gravity 
15.6°/15.6° of 0.950, a refractive index n 
15.6/D of 1.414, and a softening temperature 
of 125° C. (1). The resin is unusually clear, 
is colorless, light, stable, hard, strong, high 
melting, and moisture resistant, as well as 
tough, inert, and thermoplastic. It has a 
density of 1.19 and a tensile strength of 7,000 
to 9,000 pounds per square inch. In the man- 
ufacture of methyl methacrylate, acetone is 
converted to acetone cyanohydrin by reac- 
tion with hydrogen cyanide. This in turn is 
treated with methanol to form methyl 
methacrylate which by polymerization is 
transformed into the resin or plastic known 
by such names as Plexiglas (Rohm and 
Haas) and Lucite (duPont). A newer 
method of synthesis and polymerization 
originally developed for the Chinese govern- 
ment consists of the synthesis of dimethyl- 
hexine diol from acetylene and acetone, an 
ozone catalyzed oxidation-splitting of this 
substance to a-hydroxy isobutyric acid and 
the esterification and dehydration of a-hy- 
droxy isobutyric acid with phosphorus pent- 
oxide and methanol to form methyl metha- 
crylate monomer (2) 


Industrial Uses 


Polymethyl methacrylate and copolymers 
of methyl methacrylate and ethyl acrylate 
have achieved outstanding success in the 
form of cast sheets, rods, and tubes. Most of 
the applications of cast methacrylates are 
due to their unique optical properties for 
they possess a degree of transparency ri- 
valled by no other plastic and excelled by 
few substances. The perfect clearness of 
methyl methacrylate resin and its ability 
to take a high polish make it useful in op- 
tical and illuminating devices based on the 
total reflection of light. Its most important 
use is in transparent airplane enclosures 
where its lack of scratch resistance is its 
greatest shortcoming. Other uses include 
edge-lighted instrument . panels, pointers, 
and signs, curved dental, surgical, and in- 
dustrial instruments for piping cool light to 
difficultly accessible locations, optical equip- 
ment, scientific instruments, display fix- 
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tures, decorative columns and rails, and mis- 
cellaneous novelties (1). 
Toxicity 

The toxicity of the methacrylates was in- 
vestigated by Deichmann (3) in 1941 and 
by Spealman and his associates (4) in 1945. 
Deichmann found that a concentration of 
19 milligrams of methyl methacrylate per 
liter of air killed all exposed animals in 2.5 
to 5 hours and that by oral administration 
17 milliliters per kilogram of body weight 
was the minimal lethal dose for rabbits and 
rats. The symptoms resulting from exposure 
were accelerated respiration followed by a 
slowly developing motor weakness, de- 
creased respiration, dyspnea, loss of reflex 
activity, and increased defecation and uri- 
nation. The urine of rats usually contains 
hemoglobin while the blood porphyrin con- 
tent is elevated in rabbits. Gross pathologi- 
cal changes are confined primarily to the 
respiratory system. Spealman and his as- 
sociates, however, found the vapors of 
methyl methacrylate to be more acutely 
toxic for mice than those of acetone and less 
toxic than those of ethyl acetate. Guinea 
pigs were subjected to 39 milligrams per 
liter of methyl methacrylate gas for 3 
hours daily for 15 days without unto- 
ward effects, indicating that the effects are 
not cumulative. At a concentration of 47.7 
milligrams per liter, 9 out of 15 mice died in 
5 hours. The estimated LDso for mice ex- 
posed to these vapors for 3 hours is 55 mil- 
ligrams per liter. The most characteristic 
histological changes in animals exposed for 
prolonged periods to high concentrations of 
methyl methacrylate vapors were degener- 
ative changes in the liver. On local applica- 
tion to the skin of rabbits it caused a fleet- 
ing mild irritation. Instilled into the rabbit 
eye, it caused irritation which on occasion 
required several days for recovery. By the 
patch test method, about one-third of the 
subjects studied developed a mild initial 
erythema at the site of application. When 
tested 10 days later evidence of sensitivity 
was obtained in about 20 per cent of the 
subjects. The polymeric form caused no 
signs of irritation or sensitization. Implan- 
tation into mice of the polymeric form did 
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not cause tumor growth. In this connection 
it is of interest that Laskin et al. (5) have 
recently found that the subcutaneous im- 
plantation of methyl methacrylate film in 
mice resulted in a 25 per cent incidence of 
fibrosarcomas (without metastases), while 
the incidence of fibrosarcomas with cello- 
phane implants was 14 per cent. Contact 
lenses are made from methyl methacrylate 
and cause no irritation and are not distorted 
in shape by any temperature the body can 
endure. Odors and irritating fumes arise 
when plexiglas burns and to a lesser extent 
from sawing the plastic due to the heat of 
friction. The heavy odor is reminiscent of 
burnt camphor and the irritation produced is 
of sufficient degree to provoke immediate 
coughing and respiratory tract discomforts 


(6). 


Analysis 


The analytical method developed by 
Deichmann (3) for estimating methyl 
methacrylate in air is based upon its reac- 
tion with potassium permanganate. The 
methyl methacrylate vapor is passed through 
absorption towers containing sulfuric acid 
and a known amount of normal con- 
centration of potassium permanganate. 
After standing in the dark for 24 hours, a 
known amount of normal concentration of 
oxalate is added and the excess oxalate 
titrated with 0.2000 normal concentration 
of potassium permanganate. The amount of 
methyl methylacrylate present is read from 
a graph made by adding known amounts of 
methyl methacrylate to potassium per- 
manganate and analyzing by the above 
procedure. 
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METHYL n-PROPYL KETONE 


Characteristics 


Methyl n-propyl ketone, pentanone-2, 
CH3COC3H;, is a colorless liquid with an 
odor resembling that of acetone but more 
ethereal in character. The boiling point of 
this ketone is 102.3° C.; the melting point, 
—77.8° C.; the density, p 20/4 0.80639; the 
index of refraction, 1.39012; and the vapor 
pressure 30 millimeters of mercury at 20° C. 


Industrial Uses 


Methyl] propyl! ketone is extensively used 
in industry as a solvent for purposes similar 
to those for which acetone is employed. 


Toxicity 


The acute physiological response of 
guinea pigs to air containing methyl 
n-propyl ketone (pentanone) was deter- 
mined by Schrenk and his associates (1), 
who found that concentrations of 3 to 5 per 
cent by volume of pentanone were dangerous 
to life within 30 to 60 minutes, while the 
maximum amount for several hours of ex- 
posure with but slight, or no symptoms, was 
a concentration of 0.15 volumes per cent. 
When men were exposed to the latter con- 
centration they noticed a strong odor and 
complained of marked irritation of the eyes 
and nasal passages. Pentanone produces nar- 
cosis, which terminates in death at higher 
concentrations. The symptoms noted pre- 
ceding those of narcosis are principally eye 
and nasal irritation. Pentanone has a dis- 
tinct odor and is markedly irritating to man 
in the higher concentrations, so that it acts 
as 1ts own warning agent. Specht et al. (2) 
determined the effects of pentanone-2 on 
guinea pigs over ranges of exposure as long 
as 510 minutes at a concentration 1.0 vol- 
ume per cent. He found that this vapor has 
a very similar action to that of methyl] ethyl 
ketone in depressing such various functions 
as a rectal temperature, respiration, and 
heart rate. The average time of onset in ani- 
mals of irritation, weakness, coma, and 
death at various concentrations of the gases 
of these two ketones is nearly alike. 


CARBON COMPOUNDS 


Analysis 


Although it is not specific for methyl 
n-propyl! ketone, the iodine titration method 
may be used for estimating the amount of 
this ketone in air. Somewhat higher results 
than the theoretical values are obtained by 
this method (2), but, properly calibrated, it 
can be applied to the analysis of air samples 
containing methyl n-propyl] ketone as a con- 
taminant. 
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METOL 
Characteristics 
Metol, methyl-p-aminophenol sulfate, 
elon, (HO CsHsNHCHs3) 2oH2SOz, forms 


colorless needle-like crystals which are solu- 
ble in 10 parts of cold water and in 3 parts 
of cold concentrated hydrochloric acid, but 
are insoluble in alcohol and ether. Photo- 
graphic metol discolors in air, giving off the 
odor of methy] isocyanide, and it should be 
kept in a well-closed container and pro- 
tected from light. It melts at about 260° C. 
with decomposition. It is prepared by the 
methylation of p-aminophenol and conver- 
sion of the resulting methylated base by neu- 
tralization with sulfuric acid. 


Industrial Uses 


During the year 1945, 504,000 pounds of 
metol were manufactured in the United 
States. Metol alone, or in combination with 
hydroquinone, has been one of the most pop- 
ular of all photographic developers since its 
introduction by Hauff in 1891. It is a rapid, 
soft-working developer and is only slightly 
affected by the presence of bromide or other 
restrainers. Minor uses of metol include de- 
veloping out papers, lantern slides, and the 


dyeing of furs. 
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Toxicity 


Metol used in certain photographic devel- 
opers causes dermatitis in individuals sen- 
sitized to it. The effect of skin contact to 
metol is first made evident by inflammation 
and swelling of the afflicted parts, usually 
the backs of the fingers and back of the 
hand, and the interdigital spaces. This is 
followed by the appearance of papules and 
vesicles which ulcerate either spontaneously 
or when scratched and which later become 
covered with crusts. Individuals do not be- 
come desensitized and relief is secured only 
by completely avoiding contact with this 
substance once sensitization has occurred. 
Drew (1) describes the dermatitis and points 
out that the metol crystals cause more dam- 
age than the solution, although this is dis- 
puted. According to Drew, the rash is caused 
by a dimethyl impurity rather than the 
metol itself, excepting in the case of espe- 
cially sensitive individuals. Once the derma- 
titis has occurred the skin becomes still more 
sensitive. Washing in dilute acid, plain wa- 
ter, and then soapy water is suggested as a 
safeguard. Bostrém (2) states, too, that pure 
metol is relatively harmless and that certain 
impurities, especially the dimethyl deriva- 
tives, are poisonous and cause the skin erup- 
tions. Wagner (3) describes the symptoms 
produced on the skin (usually on the hands 
and under the arms) of workers who are al- 
lergic to metol and points out its similarity 
to frostbite and eczema. Skin irritation from 
contact with metol is due to the presence of 
n ,n-dimethyl-p-phenylenediamine as an im- 
purity according to Greenwood (4). Al- 
though occupational poisoning from contact 
with metol is largely a matter of skin irri- 
tation, cases of poisoning from accidental 
ingestion of metol, with one fatality, have 
been reported (5, 6). Dinitrophenol used in 
the manufacture of metol is reduced to basic 
diaminophenol. Metol itself is prepared by 
the methylation of this material and work- 
men may be exposed to the vapors of methyl 
sulfate which is irritating to the eyes and 
mucous membranes. 


Analysis 


p-Methylaminophenol sulfate gives a pur- 
ple color with ferric chloride in acid solution 
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in the cold and it gives the odor of quinone 
when warmed. With benzaldehyde in alka- 
line solution, no precipitate is formed while 
with sodium nitrite in acid solution colorless 
needles (melting point 136° C.), which are 
slightly soluble in water, are formed (7). 
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MORPHOLINE 


Characteristics 


Morpholine, tetrahydro-1 ,4-oxazine, is a 
colorless, mobile, hygroscopic, caustic, and 
alkaline liquid having an ammoniacal, but 
not unpleasant, odor. It is volatile to some 
extent at room temperature. It is obtained 
from 2,2’-iminodiethanol, NH(CH— 
CH2—OH)>», by heating with 70 per cent 
sulfuric acid at 160 to 170° C., or in better, 
nearly quantitative, yield from the di-2- 
naphthyl ether of N-toluenesulfony]-2 ,2’- 
iminodiethanol, 


(CioH;OCH2CH2) 2NSO.C;H;, 


(Meyer, 1). Morpholine is a six-membered 
ring compound containing two different 
hetero atoms: 


O 
H, Oo” Ge 
ne dar 
N 
i 


INDUSTRIAL TOXICOLOGY 


and was so named because for a long time 
morphine was erroneously assumed to con- 
tain a similar ring. Morpholine boils at 
128.9° C., has a density of p 20/4 0.9994 and 
an index of refraction of n 20/p 1.4545 (2). 
It is miscible with water and volatile with 
steam. However, dilute solutions boil with 
but little change in composition. A constant 
alkalinity is maintained both in the solution 
and its distillate and for this reason mor- 
pholine is used to reduce corrosion in closed 
boiler systems. Pure morpholine has a rela- 
tively high vapor pressure of 13 millimeters 
of mercury at 20°C. 


Uses 


Morpholine has extensive industrial ap- 
plications (3). It forms soaps with fatty 
acids which are excellent emulsifying agents 
for use in paper coatings and nonrubbing 
floor polishes. It is notable for its solvent 
power for waxes, resins, dyes, and casein 
and has been used to prevent the tarnishing 
of silver (4). 


Toxicity 


The physiological response to morpholine 
was investigated in an extensive study by 
Shea (5). In that study it was found that 
daily dosing by mouth and skin application 
of 0.08 gram of free base per kilogram of 
body weight resulted in death or permanent 
damage of white rats, providing this amount 
of morpholine was actually absorbed. The 
MLD of diluted morpholine was found to be 
1.6 grams per kilogram of weight for white 
rats. Lung damage from inhalation of the 
vapor was characterized by the similar ef- 
fects from ammonia. Liver damage in this 
case was found to be more extensive than 
after administration by mouth. Neutralized 
morpholine is not absorbed through the skin. 
Shea noted no evidence of cumulative or 
chronic effects from exposure to morpholine. 
It was found that a concentration of 12,000 
parts per million was irritating to humans 
and probably is intolerable for long periods 
of time. This is a much higher concentration 
than that of ammonia gas of 2,500 to 6,500 
parts per million, which is dangerous for 
even short exposures of Y%-hour duration 
(6). Smyth et al. (7) report the single dose 
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toxicity of morpholine for rats (LDso after 
14 days) to be 1.05 grams per kilogram. The 
inhalation of 8,000 parts per million for 8 
hours resulted in a mortality of only 1/6 in 
14 days. It may be concluded therefore that 
morpholine has a relatively low toxicity rat- 
ing and that no extraordinarily great pre- 
caution is required in handling this sub- 
stance. However, it is suggested that 
extensive, or continuous, skin contact should 
be avoided. 


Analysis 


According to Malowan (8), Nessler’s solu- 
tion precipitates fine, white crystals con- 
sisting of mercuric iodide in loose combina- 
tion with several molecules of morpholine 
when added to this substance. Shupe (9) 
states that extracted morpholine can be 
quantitatively titrated with standard acids, 
using methy] red as an indicator. Shupe also 
cites a variety of qualitative tests for mor- 
pholine. 
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NAPHTHA 


The numerous substances comprising the 
generic term naphtha show such diversity 
of chemical nature as benzene, toluene, xy- 
lene, and cumene on the one hand, and bu- 
tare, the pentanes, and hexanes on the other. 
A variety of these naphthas are found in 
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commerce, characterized by such terms as 
coal tar naphtha, petroleum naphtha, high 
flash naphtha, solvent naphtha, and heavy 
naphtha. While the commercial naphthas 
have definite specifications with reference to 
percentage of constituents, boiling points, 
and specific gravities, characterization in the 
chemical sense is not possible since they 
merely represent several mixtures of various 
constituents. 

During 1953, solvent naphtha produced 
from coke-oven operation was 6,285,346 gal- 
lons (1, 2). Distinction must be made, be- 
tween coal tar naphtha and petroleum naph- 
tha from the point of view of toxicity. The 
petroleum naphthas, in general, are less dan- 
gerous to animal life than the coal tar naph- 
thas, since the latter contain well-known 
definitely toxic constituents, while the pe- 
troleum naphthas contain constituents which 
are far more toxicologically inert. The term 
“gasoline” originally was synonomous with 
the product known as petroleum ether, which 
has a relatively low boiling point ranging 
from 20° to 60° C. and consists largely of 
butane, the pentanes, and hexanes. How- 
ever, commercial gasoline has changed in 
composition with time and may contain very 
little of the constituents originally found in 
this product. Stoddard Solvent is a petro- 
leum distillate widely used as a dry-clean- 
ing agent. It has definite specifications for 
distillation range, flash point, and acidity. 

Ordinary gasoline vapor is by no means 
harmless and men employed in restricted 
quarters where gasoline fumes are heavy, 
such as in cleaning the interior of storage 
tanks or tank cars which have contained 
gasoline, are likely to be overcome by the 
inhalation of vapor of this type. Cases of 
intoxication of men from gasoline fumes 
have been reported from time to time (3, 4) 
and two fatal cases of this type have been 
reported by Dixon and Pardo (5). However, 
Amorati and his associates (6) found no 
evidence of chronic poisoning in workers 
exposed over long periods of time to the va- 
por of pure gasoline. Individuals exposed to 
coal tar naphtha are not only likely to ex- 
hibit the symptoms of dizziness and narcosis 
which characterize ordinary gasoline but 
may suffer from chronic poisoning due to 
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aromatic substances, such as benzene or its 
homologues. According to Henderson and 
Haggard (7), the maximum concentration 
allowable for prolonged exposure to gasoline 
is 1,000 to 1,500 parts per million. 
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NAPHTHALENE 


Characteristics 
Naphthalene, tar camphor, C,oHs, 


“ 


Ye 


is a white crystalline solid which is contained 
in large quantities in coal tar. It has a char- 
acteristic aromatic odor, melts at 80.1° Ge 
boils at 217.9° C., is volatile to a certain ex- 
tent at room temperature, and is freely vola- 
tile in steam. It is insoluble in water but is 
appreciably soluble in benzene, alcohol, and 
ether, and in certain fixed and volatile oils. 
The aromatic character of naphthalene is 
shown in the ease with which it may be sul- 
fonated, chlorinated, and nitrated. The re- 
duction of naphthalene with hydrogen has 
become commercially important and is car- 
ried out with hydrogen and finely divided 
nickel in autoclaves at high temperatures, 
Very pure naphthalene from which all cata- 
lyst poisons have been removed is required 
for this process. These products, one of which 
with four additional hydrogen atoms is 
tetrahydronaphthalene (tetralin), Crop, 
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and another with ten additional atoms is 
decahydronaphthalene (decalin), CioHis, 
are used commercially as solvents for waxes, 
resins, rubber, gums, and a variety of other 
commercial substances. Naphthalene forms 
molecular compounds with such nitrocom- 
pounds as trinitrobenzene and trinitrotolu- 
ene which have definite melting points. With 
picric acid, it forms naphthalene picrate 
which crystallizes into long, hairlike, yellow 
crystals melting at 150.5° C. 


Industrial Uses 


The production of naphthalene in the 
United States in 1954 amounted to 
71,151,000 pounds. The greater part of the 
naphthalene consumed is used for the pro- 
duction of phthalic anhydride (about 65 per 
cent). Other intermediates account for about 
20 per cent, while repellents and insecticides 
account for less than 10 per cent. In the form 
of “moth balls”, naphthalene has been in 
household use for many years. 

Toxicity 

The toxicity of naphthalene is rather low 
even on ingestion since it is absorbed only 
to a small extent, the greater part being 
eliminated unchanged in the feces. Naph- 
thalene has been employed in fact as an 
anthelmintic in doses as great as 0.2 gram 
three times daily. Exposure to the vapor of 
naphthalene is not great under ordinary con- 
ditions since the vapor pressure is relatively 
low (0.10 millimeter of mercury at 25° C.). 
It has been stated, however, that continued 
inhalation of the vapor even from residual 
naphthalene on bedclothes may cause such 
toxic symptoms as malaise, headache, and 
vomiting (1). Most cases of poisoning which 
have been reported refer to children who 
have eaten moth balls (2, 3). Naphthalene 
cataracts have been reported in laboratory 
animals following the administration of 
naphthalene by stomach tube. The inhala- 
tion of naphthalene vapor in cases where this 
substance has been vaporized in oil for me- 
dicinal purpose has been reported to cause 
nausea, vomiting, headache, hematuria, and 
occasional damage to the cornea, retina, and 
lens. Skin reaction to naphthalene is ;are 
(4). No serious industrial cases of injury 
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from inhalation of naphthalene vapor, nor 
of the vapors of tetralin or decalin, have 
been reported and no maximum allowable 
concentration value has been established for 
these substances. 


Analysis 


No very satisfactory specific method has 
been developed for the sampling and analy- 
sis of air containing naphthalene vapor as a 
contaminant where the latter exists in mi- 
nute amount. When naphthalene vapor is 
present in quantity, the picric acid method 
may be applied to the analysis of the sam- 
ple. Dobrovolskaya (5) has developed a 
method in which the air is passed through a 
nitrating mixture and later, after this ab- 
sorbing mixture is poured into water, the 
deposited trinitronaphthalene is dissolved 
in ether. This residue dissolved in water is 
compared in a colorimeter with a dilute 
methyl red solution which had previously 
been standardized against trinitronaphtha- 
lene. With appreciable amounts of naphtha- 
lene, even in the presence of tetralin and 
decalin, the cloud point temperature method 
of Cerveny and his associates (6) may be 
applied. Identification of decahydronaph- 
thalene may be made by its conversion to 
the mononitro derivative and subsequent 
reduction to the amine. Tetrahydronaphtha- 
lene yields phthalic acid on oxidation (melt- 
ing point 195°C.) and on bromination at 
100° C. yields a dibromoderivative (melt- 
ing point 70° C.). Naphthalene develops a 
green color on adding dry aluminum chlo- 
ride to its solution in chloroform. With m-di- 
nitrobenzene dissolved in benzene, naphtha- 
lene forms a dinitrobenzene derivative 
melting at 52° C. 
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NAPHTHENIC ACID 


Characteristics 


The term “naphthenic acid” is applied to 
a mixture of carbocyclic acids obtained from 
crude petroleum. They were first found in 
the naphthene-containing oils from Russia 
and Roumania, which are particularly rich 
in acidic constituents. Many of them have 
the general formula CaHon-1;;COOH. The 
acids up to about Cg appear to be aliphatic 
in character, those from Cg to Cyz are mono- 
cyclic and from Cj. to Ce3 are bicyclic. While 
the ring structure in many of the naphthenic 
acids is that of a cyclopentane with a carb- 
oxy] group at the end of an alkyl] side chain, 
as typified by cyclopentane monocarboxylic 
acid, 


CH.—CH: 
DS 
CH—COOH 
CH:—CH: 


“ordinary” naphthenic acid, hexahydroben- 
zoic acid is cyclohexanecarboxylic acid 


Hort 
H< COOH. 
eet 


The acids are obtained by agitating crude oil 
with sodium hydroxide solution. The water- 
soluble sodium salts are then decomposed 
with mineral acids. Naphthenic acids of 
Russian origin are more or less dark, low- 
boiling liquids, often with a foul odor; those 
from American oils are said to be nearly 
odorless. Oils poor in paraffin are relatively 
rich in naphthenic acids, while the reverse 
is true of oils rich in paraffin. They vary in 
physical character from colorless or colored 
liquids sparingly soluble in water to crystal- 
line solids. Since they exist more or less as 
mixtures, their physical and chemical char- 
acteristics are relatively unimportant. 
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Uses 


Naphthenic acids have many applications 
in industry. The sodium salts are important 
detergents and emulsifying agents, while the 
calcium and barium salts are used in the 
preparation of colored lakes for printing 
inks. They are also used for such diverse 
purposes as the regeneration of vulcanized 
rubber, as a constituent of fungicides, as 
metallic salts in paint driers, and in syn- 
thetic resins and lacquers. The commercial 
importance of these acids is reflected in the 
production figures for the United States of 
23,654,000 pounds in 1949, with a further 
import figure of 1,639,019 gallons for that 
same year. The total production of naph- 
thenic acid salts in this country for 1954 was 
19,358,000 pounds. 

The naphthenates form a _ convenient 
means of introducing a metal radicle in oil- 
soluble form, and this accounts for the ex- 
tensive use of copper, manganese, cobalt, 
lead, and other metal naphthenate salts in 
the paint industry as driers. Copper naph- 
thenate is extensively used as a wood pre- 
servative and is said to be used for the im- 
pregnation of sand bags to keep them from 
rotting. A recently completed 6-year study 
of the use of copper naphthenate as a wood 
preservative in the tropics indicated very 
effective protection against termites and 
fungi. 


Toxicity 


The paucity of information available re- 
garding physiological response to naph- 
thenic acids in general and their possible 
toxicity is somewhat surprising in view of 
their industrial importance. While the ques- 
tion of the toxicity of the naphthenates has 
frequently arisen, the toxic action of the 
heavy metallic salts is largely attributable 
to the metal itself. Rockhold (1) has re- 
cently shown the naphthenic acids to be 
slightly toxic when administered orally to 
rats. The acid derived from crude kerosene 
acids was found to be approximately one 
and one-half times more toxic to rats via 
the oral route than the acid derived from 
crude mixed acids. No studies have been re- 
ported indicating any particular carcino- 
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genic properties attributable to the naph- 
thenic acids. 


Analysis 


While the separation of naphthenic acids 
from unsaponifiable material may be tech- 
nically difficult, the determination of the 
naphthenic acid content itself is merely a 
matter of titration of its alcoholic solution 
using phenolphthalein as indicator, as in the 
determination of fatty acids. Special meth- 
ods of analysis of naphthenes and naph- 
thenic acids have been reported by Beychok 
(2) and by Rampton (3). 
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NAPHTHYLAMINE 


Characteristics 


Naphthalene resembles benzene in form- 
ing nitro, amino, and sulfonic acid deriva- 
tives. Two isomeric mono-aminonaphtha- 
lenes or naphthylamines, CioH;NHp, the a 
and 8, are formed. a-Naphthylamine is a 
colorless crystalline solid melting at 50° Ce 
boiling at 301° C., and having a density of 
1.223 at 25° C. It is soluble in alcohol and 
ether and slightly soluble in water. It has an 
unpleasant’ odor, turns red on exposure to 
air, and gives a blue precipitate with ferric 
chloride. 8-Naphthylamine forms colorless 
leaflets melting at 111° C., boiling at 306° C., 
and having a density of 1.0614 at 98° C. It 
is soluble in water, alcohol, or ether, has no 
odor, and gives no precipitate with ferric 
chloride. The a compound is obtained by the 
reduction of a-nitronaphthalene with iron 
and hydrochloric acid after which it is mixed 
with milk of lime and distilled. The 8-neph- 
thylamine is obtained by heating @-naphthol 
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with aqueous ammonium sulfite or bisulfite 
(Bucherer reaction, 1904). 


Industrial Uses 


The naphthylamines, a and £, are exten- 
sively used in the manufacture of dyes. With 
mineral acids, both compounds form well- 
crystallized stable salts. When a-naphthyl- 
amine is hydrolyzed with sulfuric acid under 
pressure, a-naphthol is produced with a 
yield of 94 to 95 per cent. Advantage is taken 
of these reactions for the preparation of im- 
portant naphthylamine sulfonic acids and 
as coupling components in the synthesis of 
azo-dyes. 

Toxicity 

The manufacture of aniline dyes involves 
the use and production of many chemical 
substances, and workers employed in the 
manufacture of synthetic dyes sometimes 
have been said to suffer from papillomatosis 
of the bladder. This may eventually become 
malignant. It was some time before it was 
found that the responsible chemical was an 
amino and not a nitro compound. In 1938, 
Hueper, Wiley, and Wolfe (1) succeeded in 
producing papillomas and carcinomas in 13 
out of 16 dogs treated for a period of 20 to 
26 months with subcutaneous injections and 
oral feeding of #-naphthylamine. They 
found that prolonged administration of rel- 
atively large doses produced blood destruc- 
tion, degenerative changes in the tubular 
epithelium of the kidneys and in the paren- 
chyma of the liver. Bonser (2), by massive 
administration (100 to 700 milligrams per 
day) of pure B-naphthylamine over a period 
of 5 years, produced a series of change in the 
bladder epithelium of the dog, ranging from 
simple hyperplasia to anaplastic carcinoma. 
The renal pelves, ureters, and urethra were 
free from tumors. The bladder tumors only 
develop after a long latent period (usually 
10 to 25 years in man) and sometimes not 
until many years after the men have ceased 
work. Goldblatt (3) finds there is a greater 
incidence of bladder cancer in occupations 
involving exposure of employees to coal gas, 
tar, pitch, and soot than occurs in the gen- 
eral population. The highest incidence of 
this disease is in the manufacture of organic 
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intermediates, in which 8-naphthylamine 
and benzidine are known factors and aniline 
and a-naphthylamine are possible factors. 
Other compounds cause methemoglobinuria 
and hemorrhagic cystitis but these do not 
give rise to bladder cancer. As to the route 
of absorption, Hunter suggests that the re- 
spiratory tract, as well as the skin, may be 
involved, for ocassionally members of the 
clerical staff of dye industries have devel- 
oped bladder tumors. A number of men may 
work together in a dye factory for 30 years 
under apparently identical conditions and, 
although bladder tumors may arise early in 
some and late in others, the majority remain 
unaffected (4). Workers should be warned 
concerning the risk of working with this 
substance and should be informed of early 
symptoms which are those of cystitis, such 
as frequency of urination with strangury 
and the hematuria which may occur later. 


Analysis 


a-Naphthylamine forms colored precipi- 
tates with cadmium, cobalt, gold, iron, man- 
ganese, and mercury ions. In an acetic acid 
medium, a mixture of a-naphthylamine and 
sulfanilic acid reacts with nitrous acid, giv- 
ing a soluble red compound. B-Naphthyla- 
mine hydrochloride yields colored precipi- 
tates with the above metallic salts. 
p-Methoxypheny]-tso-thiocyanate has been 
proposed as a method of identifying these 
amines, the a-naphthylamine derivative 
melting at 162 to 163° C., and the @-naph- 
thylamine derivative at 160° C. (5). Since a- 
naphthylamine couples with sodium ben- 
zenesulfonate-p-diazonium chloride, this 
may be made the basis for its colorimetric 
estimation (6). 8-Naphthylamine in the 
presence of calcium hypochlorite produces 
a yellow color in acid solution which is use- 
ful in determining it colorimetrically (7). 
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a-NAPHTHYLTHIOUREA 


Characteristics 


a-naphthylthiourea, a-naphthylthiocar- 
bamide, n-1-naphthylthiourea, 1-(1-naph- 
thy]) -2-thiourea, C1pH;- NH-CS-NHg, also 
commonly called Antu, is a very stable, 
white, crystalline solid having a melting 
point of 184° C. It is prepared by warming 
an aqueous solution of a-naphthylamine 
with ammonium thiocyanate acidified with 
hydrochloric acid. It is also prepared by 
treating a-naphthylisothiocyanate with al- 
coholic ammonia. Because of its stability it 
does not deteriorate on standing and, owing 
to its high melting point, it is unaffected by 
temperatures well above those ordinarily 
encountered in use. Its solubility in most 
liquids, such as ether and cold alcohol, is low 
and in water it dissolves to the extent only 
of a few milligrams per 100 milliliters. It is, 
however, rather soluble in boiling alcohol. 
from which it may be crystallized. 


Toxicity 


The peculiar property that a-naphthyl- 
thiourea exhibits of being nearly a specific 
poison for the control of Norway rats, 
while having a low toxicity to a number of 
other species of animals, was discovered by 
Richter (1). In the course of an investiga- 
tion concerning an unrelated problem on 
taste threshold, Richter (2) found that 
phenylthiocarbamide was especially toxic to 
rats. Further investigation of analagous 
substances revealed a-naphthylthiourea to 
be an excellent rodenticide. Subsequent in- 
vestigation by McClosky and Smith (3) 
and by Lillie (4) showed that the acute 
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toxicity of Antu varies with different 
species of animals—rats and dogs being 
the most susceptible. Furthermore, a cer- 
tain tolerance to the acute toxic action 
of Antu can be induced in rats by ad- 
ministering progressive doses, while chronic 
toxicity experiments with rabbits and cats 
indicate an accumulative effect. Lillie 
found that Antu produces a fatty de- 
generation of the liver of fine-droplet type 
in rats, rabbits and cats. Pulmonary edema 
was noted in rabbits and cats and a moder- 
ate splenic and hepatic hemosiderosis was 
found in cats and splenic hemosiderosis in 
rabbits following the administration of 
Antu. According to DuBois and his associ- 
ates (5), a-naphthylthiourea produces in- 
tense pulmonary edema in rats. Byerrum 
(6) found that iodine, whether administered 
as Lugol’s solution or as potassium iodide, 
protects rats against a-naphthylthiourea. 
According to Fitzhugh and Nelson (7) the 
degree of injury to rats following oral ad- ) 
ministration is related to the concentration 
of a-naphthylthiourea. Brion (8) found 
that the average lethal dose for wild rats is 
10 milligrams per kilogram of body weight, 
while for domestic animals it is 100 to 200 
milligrams per kilogram for cats and pigs, 
500 milligrams per kilogram for dogs and 
1,000 milligrams per kilogram for chickens. 
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NICOTINE 


Characteristics 


Nicotine, -pyridyl-a-N-methylpyrroli- 
dine, 1-methy]-2 (3-pyridy]) pyrrolidine, 
having the structure 


CH.—CH, 
CH—CH, 


[ Sy 
NA At 
CH; 


is a colorless to yellowish, oily liquid which 
gradually becomes brown on exposure to 
air. The pure, colorless oil boils at 246.1° C. 
at 230.5 millimeters, has a density of 
D 20/4 1.00925 and an index of refraction 
n 20/p 1.5286. Nicotine freezes at about 
—79° C. It is laevrorotary (a)20/p — 167, 
and has a vapor pressure of 0.0425 millime- 
ters of mercury at 25° C. It distils unchanged 
in steam, is miscible with water below 60° C. 
and is readily soluble in alcohol, ether, pe- 
troleum naphtha, and chloroform. Nicotine 
is the principal poisonous constituent of the 
tobacco plant. Commercially nicotine is ex- 
tracted from the ordinary tobacco of com- 
merce (leaf stems and tobacco refuse) Nico- 
tiana tabacum L. and to some extent from a 
coarser tobacco, Nicotiana rustica L. The 
latter is said to have a higher content of the 
alkaloid. Nicotine is one of about 12 other 
alkaloids found in the tobacco plant and 
occurs to the extent of about 4 per cent in 
the dry leaf. As a rule it does not exceed 6 
per cent, although Algerian leaf has been 
reported as having a nicotine content of 8.9 
per cent. It is found in the tobacco leaf as 
a salt in combination with malic and citric 
acids. Nicotine is commercially produced 
by treating tobacco stems and other tobacco 
refuse with alkali followed by steam distil- 
lation. It is usually marketed in the form of 
the sulfate in 40 per cent solution. While the 
base itself is laevorotary, the salts are dex- 
trorotary. The salts are water-soluble and 
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crystallize readily. Several methods for the 
synthesis of nicotin: have been evolved 
since A. Pictet orizinally synthesized this 
substance. The synthetic product is d,1- 
nicotine. This can be resolved into its en- 
antiomorphic forms by means of the tar- 
trate. 


Uses 


The export of nicotine sulfate from this 
country amounted to 1,054,000 pounds dur- 
ing the first 10 months of 1949 (1) and the 
annual production is stated to be more than 
5,000,000 pounds (2). Nicotine sulfate is 
chiefly used as an insecticide and is particu- 
larly useful as a contact poison. It is ap- 
plied as a spray either directly or as a ben- 
tonite mixture. Finely ground tobacco is 
applied as a dust in many instances, while 
dusts carrying nicotine sulfate, such as tale, 
kaolin, fuller’s earth, gypsum, and hydrated 
lime, are widely used. Nicotine is especially 
useful against the green fly (Aphides) and 
the white fly (Aleurodes), but has limited 
application against caterpillars. It is also 
used in a 1% to 2 per cent solution as a dip 
for the destruction of the itch-mite of sheep 
and to destroy the itch-mite ova. 
Toxicity 

The present discussion is solely concerned 
with poisoning from the alkaloid nicotine 
and does not refer to the use of tobacco. The 
literature of nicotine poisoning is replete 
with cases of fatal of near-fatal effects aris- 
ing from ingestion or skin contact with this 
substance. These cases include its adminis- 
tration with criminal intent, as in the fa- 
‘mous case of Count Bocarmé, numerous 
cases of suicide, cases where nicotine solu- 
tions have been mistaken for innocuous 
material, or where nicotine solution has 
been spilled on the skin. According to the 
Mortality Analysis Branch, Vital Statistics, 
U. S. Public Health Service, there were 487 
cases of fatal poisoning from nicotine in the 
United States from 1934 to 1950, of which 
307 were suicidal. The extensive production 
of nicotine sulfate and its wide application 
as an insecticide emphasize the need for 
more lively appreciation of the marked tox- 
icity of this substance. 
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The rapidity and fatality of poisoning 
with nicotine approach that of hydrogen 
cyanide. Death usually occurs within a few 
minutes, or even seconds, following the ad- 
ministration of a large dose. The symptoms 
displayed are those of paraylsis of the cen- 
tral nervous system, including the respira- 
tory center. Smaller quantities cause saliva- 
tion, nausea, vomiting and sometimes purg- 
ing. The breathing is labored, the pulse very 
irregular; mental confusion, muscular weak- 
ness, giddiness, and lack of coordination are 
marked and may be followed by partial or 
complete unconsciousness. Clonic convul- 
sions may occur, followed by collapse with 
muscular relaxation, slow and weak respira- 
tion which finally ceases, although the heart 
may continue to beat for some time follow- 
ing respiratory failure. The natural laevo 
form of nicotine is stated to be two or three 
times as poisonous as the synthetic dextro 
form. 

The distressing effects of minute amounts 
of nicotine are familiar to most novices at 
smoking. The metabolism of nicotine is still 
imperfectly understood. According to Werle 
(3) the lung, liver, and kidney of the rabbit 
effect a detoxicating action due to an en- 
zyme. The liver was found to be outstand- 
ing in its detoxicating action which is ap- 
parently dependent upon the presence of 
oxygen. 

Only part of the total amount of nicotine 
administered is excreted. Haag and Larson 
(4) found that small doses of the order of 
0.2 milligram per kilogram of nicotine when 
injected subcutaneously in dogs appear to 
the extent of about 10 per cent unchanged in 
the urine while the remainder is found in 
the nicotinic fraction. However, although 
there was an increase in this fraction, this 
increase was found to be not due to nicotinic 
acid, nor to nicotinuric acid, nicotinamide, 
trigonelline or 1-methy] pyridinium hydrox- 
ide in measurable quantities. The fate of nic- 
otine in the body is naturally of great in- 
terest because of the extent of exposure of 
human beings to small amounts as a result 
of smoking. In cases. of nicotine poisoning 
medical treatment should be prompt. It has 
been recommended that gastric lavage with 
activated charcoal which adsorbs the al- 
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kaloid, or with tannic acid which precipi- 
tates it, should be accompanied by artificial 
respiration, if needed, including the inhala- 
tion of oxygen. Where nicotine solutions 
have been spilled on the skin washing should 
be prompt and thorough. Davies (5) states 
that only cold water should be used for wash- 
ing the skin, since warm water causes vaso- 
dilation and thus increases absorption. 


Analysis 


Since exposure to nicotine may occur in 
the manufacture, handling or application of 
this substance, detection and determination 
of the atmospheric concentration, where it 
may be present as mist or in dust, may be 
of occasional importance. Nicotine responds 
to most of the usual precipitation tests for 
alkaloids and also gives several color reac- 
tions (6). It may be sampled by drawing air 
through bubblers containing dilute sulfuric 
acid. Quantitative estimation may be made 
by reduction of the compound formed by 
precipitation with silicomolybdic acid (7) 
and comparison of the blue color thus formed 
with that of nicotine standards. One part 
in 40,000 may be detected by this means and 
may be quantitatively estimated with an 
accuracy within 2 or 3 per cent. The colori- 
metric method recently developed by Fabre 
and his associates (8) is accurate over the 
range of 0 to 100 micrograms and is particu- 
larly applicable to air analysis and the de- 
termination of minute amounts of nicotine 
in biological material. 
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NITROBENZENE 


Characteristics 


Nitrobenzene, CgHsNOz, is a colorless to 
faintly yellow, oily, hygroscopic liquid. It 
is not miscible with water, is volatile with 
steam, is soluble in alcohol and ether, and 
has a remarkable solvent power for organic 
compounds. It boils at 210.85° C., melts at 
5.7° C., and has a density of 1.198. It has a 
characteristic sweetish odor and is some- 
times called “oil of mirbane’”’ or artificial 
oil of bitter almonds. In the formation of 
nitrobenzene, the introduction of the first 
nitro group into the benzene nucleus is read- 
ily accomplished by means of nitric acid. 
On a technical scale, yields up to 98 per cent 
are accomplished by nitration of benzene 
with concentrated nitric acid and concen- 
trated sulfuric acid at 50 to 55° C. The sul- 
furic acid removes the water produced and 
accelerates the reaction. 


Industrial Uses 


Nitrobenzene is used in the manufacture 
of aniline, aniline dye intermediates and ex- 
plosives, as a perfume for scenting soap, and 
as an oxidizing agent in the manufacture of 
chemicals. It is employed as a crystallizing 
solvent for substances that are practically 
insoluble in other solvents and since it also 
dissolves anhydrous aluminum chloride as 
a result of the formation of a complex com- 
pound, it is a useful solvent for the Friedel 
and Crafts reaction. It is used in shoe dyes, 
inks, polishes, glues, greases, and cements. 
During 1954, 122,548,000 pounds of nitro- 
benzene were produced in the United States. 


Toxicity 

Nitrobenzene is decidedly toxic (1). Be- 
cause of the wide range of use of substances 
containing nitrobenzene, poisoning with this 
agent is probably more common than is gen- 
erally believed, although most cases are mild 
(2). In fatal cases, the major autopsy find- 
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ings are marked cyanosis, marked conges- 
tion, and, in moderate number, multiple 
subserous hemorrhages. In these cases, the 
nitrobenzene is found in liver, brain, stom- 
ach, and blood. In a fatal case reported by 
Chambers and O’Neill (3), the blood was 
chocolate-brown in color and microscopic 
examination revealed intracellular and ex- 
tracellular deposits of small granules of dark 
brown pigment. 

Industrially, skin absorption is the most 
likely source of poisoning, though entrance 
through the respiratory or digestive tracts 
may also occur. Skin absorption occurs from 
the wearing of clothes badly soiled by 
splashing of nitrobenzene or from lack of 
cleanliness of the workman. Subacute and 
chronic forms of poisoning may follow re- 
peated absorption of small doses of nitro- 
benzene. Anemia is the leading feature of 
the clinical picture, although fatigue, ver- 
tigo, headache, loss of appetite, vomiting, 
general weakness, and numbness of the legs 
also occur. Nitrobenzene is more poisonous 
to the nervous system than is dinitrobenzene. 
The inhalation of high concentrations is fol- 
lowed by intoxication, extreme cyanosis, 
coma, and death. The hemoglobin of the 
blood is converted into methemoglobin. 
Polychromatophilia, punctate basophilia, 
anisocytosis, and poikilocytosis are found 
and, where the anemia is severe, normoblasts 
are present. Even the moderate drinking of 
alcohol aggravates the toxic effects of nitro- 
benzene and workers should be informed of 
this danger. Henderson and Haggard (4) re- 
port that 200 parts per million is the maxi- 
mum concentration that can be inhaled for 
1 hour without serious disturbance and that 
1 to 5 parts per million are considered safe 
for daily exposure. 


Analysis 

For the determination of small amounts 
of nitrobenzene in air, Strafford and Harper 
(5) have developed the following method: 
Air is sucked by hand pump through filter 
paper impregnated with absorbent carbon. 
The absorbed nitrobenzene is then deter- 
mined by reduction to aniline by titanous 
sulfate, separation of the aniline by steam 
distillation, and determination in the dis- 
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tillate by means of the color developed by 
diazotization and coupling with R salt. It is 
claimed that the method is sensitive from 
0.2 to 100 parts per million. 
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NITRO DERIVATIVES OF ANILINE 


Characteristics 


With the introduction of one nitro group 
into the aniline ring, NOzCeH,NHg, o-, m-, 
and/or p-nitroaniline are formed. o-Nitro- 
aniline forms orange-yellow rhombic crys- 
tals of specific gravity 1.442 at 15°C. and 
melting point 71° C. Its solubility in water 
at 25° C. is 1.25 grams per liter of solution 
and it dissolves to the extent of 278.7 
grams per liter of alcohol. m-Nitroaniline 
forms yellow rhombic crystals of specific 
gravity 1.388 at 18°C., melting point 114° 
C., and boiling point above 285° C. m-Nitro- 
aniline dissolves to the extent of 1.205 grams 
per liter of solution at 24.2° C. and in aleo- 
hol, to the extent of 77.78 grams per liter at 
25° C. p-Nitroaniline forms yellow mono- 
clinic crystals of specific gravity 1.437 at 
14° C. and melting point 147° C. It dissolves 
to the extent of 0.77 gram per liter of aque- 
ous solution at 20° C. and in alcohol, to the 
extent of 60.48 grams at 25° C. per liter of 
this solvent. 

When aniline is treated with concentrated 
nitric acid, nitration and oxidation usually 
both occur. When the nitroamine is to be 
obtained, the amino. group must be protected 
and this is done by acetylating it or carry- 
ing out the nitration in concentrated sulfuric 
acid. The position the nitro group takes with 
respect to the amino group depends on the 
method used. Nitration in concentrated sul- 
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furic acid produces approximately equal 
quantities of the m and p derivatives. The o 
and p derivatives may be obtained by heat- 
ing the corresponding nitrochlorobenzenes 
with ammonia. The basic properties of ani- 
line are diminished by nitro groups in the o 
and 7p position, while m-nitroaniline is but 
slightly weaker as a base than aniline. The 
varying basic properties of the nitroanilines 
can be used as a means of separating them. 
The o- and p-nitroanilines differ from aniline 
in their reactivity with alkalies with the dis- 
placement of the amino group by a hydroxy] 


group. 
Industrial Uses 


o-Nitroaniline has no commercial uses. It 
is, however, useful as a laboratory agent for 
the detection of iodides and has a high de- 
gree of sensitivity for this test. The m de- 
rivative is used for the preparation of azo 
dyes and for m-phenylenediamine. It is used 
in the laboratory as a reagent for identify- 
ing pine wood. p-Nitroaniline is the starting 
substance for the preparation of dyes and 
explosives. Specifically, it is used for the pro- 
duction of p-nitroaniline red and for p-phen- 
ylenediamine. It is used in the laboratory 
as a reagent for the detection of ammonia. 


Toxicity 


The nitroanilines are active skin poisons 
and when sufficiently volatile are dangerous, 
if inhaled. According to Hunter (1), p-nitro- 
aniline is more toxic than aniline itself and 
m-nitroaniline is more poisonous than p-ni- 
troaniline. The symptoms of acute p-nitro- 
aniline poisoning, according to Anderson 
(2), begin with headache, flushing of face, 
restriction of breathing, and occasional nau- 
sea and vomiting. There is generalized mus- 
cular weakness, somnolence, irritability, and 
an intense violet-colored cyanosis. The pulse 
is rapid and thready, the respiration rate is 
raised. Methemoglobinemia is the essential 
pathological change. Anderson reported the 
occurrence of p-nitroaniline poisoning with ~ 
one death in Persian dock laborers handling 
the dye in powder form where the hot, moist 
weather conditions assisted the absorption 
of the toxic substance. The intravenous in- 
jection of a concentrated solution of methy]l- 
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ene blue brought about rapid relief of 
symptoms in three patients to whom it was 
administered. Gupta (3) has also reported 
several cases of acute nitroaniline poisoning 
in dock workers sweeping up spilled nitro- 
aniline in the hold of a ship. All the men 
recovered rapidly. 

Removal from contact, removal of con- 
taminated clothing, bathing the patient, and 
rest are most important in the treatment of 
acute p-nitroaniline poisoning. Hamblin and 
Mangelsdorff (4) showed that methemoglo- 
binemia is an index of the severity of the 
clinical picture in p-nitroaniline poisoning 
and that the latter increased in direct pro- 
portion to a rising concentration of met- 
hemoglobin and decreased with a falling 
concentration. Brieger and his associates 
(5, 6) have traced the poisoning of children 
eating wax crayons colored with para red to 
an impurity of unreacted p-nitroaniline in 
the coloring material. Recovering from p- 
nitroaniline poisoning is stated to be slower 
than recovery from aniline poisoning. It is 
suggested that the maximum allowable con- 
centration value for any of the nitroanilines 
should be less than the accepted value of 5 
parts per million of aniline, since the former 
are more toxic than aniline itself. 


Analysis 


o-Nitroaniline and m-nitroaniline may be 
determined by absorption in hydrochloric 
acid solution, bromination with an excess of 
bromide and potassium bromate reagent, 
and the excess estimated by the use of po- 
tassium iodide and standard thiosulfate so- 
lution. The titanous chloride method may 
be used to estimate p- and m-nitroaniline. 
m-Nitroaniline may be detected by the 
brownish color developed with 1 ,2-naphtho- 
quinone-4-sulfonic acid in alkaline solution. 
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NITROETHANE 


Characteristics 


Nitroethane, C2.H;NOz, is an oily liquid 
having a pleasant odor on initial inhalation. 
It boils at 114.8° C., melts at about —50° C., 
has a density p 20/20 of 1.052, an index of 
refraction n 20/p of 1.392, a vapor pressure 
of 15.6 millimeters of mercury at 20° C., and 
a flash point of 27.7° C. Nitroethane is some- 
what soluble in water, 45 milliliters dissolv- 
ing in 1 liter of water at 20° C. Unlike the 
aromatic hydrocarbons, the hydrogen of the 
paraffin series is not readily replaced by the 
nitro group and the method of preparation 
of the nitroparaffins for many years con- 
sisted in heating the iodides of the alcohol 
radicals, such as ethyl iodide, C2.HsI, with 
silver nitrite. The comparatively recent va- 
por phase nitration method of Haas (1936) 
has made the production of such substances 
as nitroethane commercially possible. In this 
process a gaseous mixture of 2 mols of hy- 
drocarbon and 1 of nitric acid vapor is 
passed through a narrow reactor tube at 
420° C. Ethane reacts rapidly and the un- 
acted upon hydrocarbon is recycled to near 
completion. It is then purified from degrada- 
tion products. The nitroparaffins are impor- 
tant substances from the point of view of 
synthetic chemistry and the structure of the 
nitro group differs from that of the nitro 
group of the aromatic nitro compounds, as 
has been shown by comparative refracto- 
metric investigation of nitroethane and ni- 
trobenzene. 


Industrial Uses 


Nitroethane is a solvent for such sub- 
stances as nitrocellulose, cellulose acetopro- 
pionate, cellulose acetate, and cellulose ace- 
tobutyrate. In addition, it is an excellent 
solvent for vinyl, alkyd, and other resins, 
as well as certain fats and waxes. The nitro- 
paraffins are used as the starting point for 
the synthesis of a number of substances in 
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the chemical industry and for the prepara- 
tion of related products and derivatives, such 
as chloronitroparaffins, nitroalcohols, and 
aminoalcohols. 


Toxicity 

Machle and his associates (1) have made 
an extensive investigation of the physiologi- 
cal response to the nitroparaffins in general, 
including nitroethane. A concentration of 
0.05 per cent by volume of the vapor of ni- 
troethane was found to be a safe and toler- 
able concentration for guinea pigs, rabbits, 
and monkeys. Nitroethane is slightly irri- 
tating on continued inhalation and since the 
odor of the material is definitely disagree- 
able to most observers, it constitutes its own 
warning agent. No evidence of significant 
skin absorption of nitroethane was found by 
these observers. Further investigation by the 
above investigators (2) and by Scott (3) on 
the metabolism of nitroethane indicates that 
following the intravenous injection of rab- 
bits, nitroethane is partially excreted by the 
lungs, and after a dose of 1 gram given by 
this route the amount that can be recovered 
from tissues of animals gradually decreases 
in 30 hours to almost nil. Apparently oxi- 
dation of this material occurs since both 
acetaldehyde and nitrite were found in rela- 
tively large amounts in the blood of rabbits 
following such injections. 


Analysis 


The absorption curve of the colored com- 
plex formed when ferric chloride is added to 
nitroethane, previously acidified with hy- 
drochloric acid to a pH of 1.25-1.30, is the 
basis of the quantitative determination of 
nitroethane as devised by Scott and Treon 


(4). 
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NITROGLYCERIN 


Characteristics 
Nitrogylcerin, glyceryl trinitrate, 


CH2 (NOs) -CH (NOs) -CH2(NOs), 


is a nitric acid ester of glycerol. It is a color- 
less, oily liquid with a sweet, burning taste 
and is only very slightly soluble in water, al- 
though it dissolves freely in alcohol or ether. 
It is produced by the action of a mixture of 
sulfuric and nitric acids on glycerol. It crys- 
tallizes in two forms, one of which is labile 
and melts at 2.9° C. and the other is stable, 
melting at 13.2° C. Its density is about 1.6. 
The most significant property of nitroglyc- 
erin is its sensitiveness to slight shock which 
causes violent detonation. Kieselguhr, a 
diatomaceous earth, will absorb up to two or 
three times its weight of nitroglycerin and 
still remain dry. This constitutes the impor- 
tant explosive, dynamite, which also is often 
made by absorbing nitroglycerin on sawdust 
or charcoal with the addition of sodium or 
ammonium nitrate. Blasting gelatine, gela- 
tine dynamite, and gelignite all contain gun 
cotton gelatinized with nitroglycerin as the 
basic constituent. Alkalies convert nitro- 
glycerin into glycerol and the corresponding 
alkali metal nitrate. 


Industrial Uses 


Apart from war uses, nitroglycerin, as well 
as dynamite, blasting powder, and gun cot- 
ton, are used extensively as industrial ex- 
plosives. Nitroglycerin is used in medicine 
to some extent as a vasodilator. 


Toxicity 


The powerful vasodilating properties of 
nitroglycerin have long been recognized and 
reduced blood pressure is a well-recognized 
characteristic of nitroglycerin poisoning, 
Other Symptoms include headache accom- 
panied by excitement, vertigo, fainting, re- 
Spiratory rales, and cyanosis. Terminally, 
there is respiratory embarrassment and 
death from asphyxia due to respiratory pa- 
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ralysis (1). Severe poisoning from nitro- 
glycerin is often manifested by confusion, 
pugnaciousness, hallucinations, and mania- 
cal manifestations. Alcoholic drinks precipi- 
tate attacks and increase the severity. 
Chronic poisoning causes digestive troubles, 
tremors, and neuralgia. The most common 
complaint is a headache which is noted on 
commencing work and which soon passes off. 
A break in the work interrupts this acclima- 
tization and workers frequently resort to the 
device of moistening their hat-bands with 
nitroglycerin so as to maintain this effect 
during absence from their occupation. The 
administration of caffeine sodium benzoate 
followed by amphetamine is said to alleviate 
the symptoms of headache, while ampheta- 
mine, together with prostigmine bromide, ef- 
fectively prevents its reoccurrence (2). In- 
dustrial poisoning from nitroglycerin occurs 
either as the result of inhalation of the fume 
or from skin contact and it is still a moot 
point as to which route of entrance is the 
more important. In addition to its toxic ac- 
tion on absorption through the uninjured 
skin, nitroglycerin produces eruptions char- 
acterized by dryness and rhagades, particu- 
larly on the palms and interdigital spaces. 
A study of the waste from a nitroglycerin 
plant indicates that except for the inter- 
mittent acidity the waste from nitroglycerin 
manufacture would not cause serious diffi- 
culty in the receiving stream (3). 


Analysis 


Nitroglycerin may be detected in air sam- 
ples by application of the sensitive Griess 
test. After reduction to nitrite by means of 
zine dust, the addition of sulfanilic acid and 
a-naphthylamine solution causes the forma- 
tion of an azo dye having a red coloration. 
Yagoda and Goldman (4) have also devel- 
oped a quantitative method for the estima- 
tion of nitroglycerin as an aerial contami- 
nant. This method is based on the formation 
of an equivalent amount of nitric acid and 
the corresponding nitration of m-xylenol to 
5 - nitro - 4 - hydroxy - 1,3 - dimethylben- 
zene, followed by its colorimetric determina- 
tion. 
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NITROMETHANE 


Characteristics 


Nitromethane, CH3;NOz, is a colorless, 
nonhygroscopic liquid with a melting point 
of —29° C., boiling point of 101.2° C., den- 
sity D 20/20 of 1.139, and refractive index 
at 20° C. of 1.3818 (1). The vapor pressure 
at 20 °C. is 27.8, the flash point is 44.4° C., 
and its solubility is 9.5 milliliters in 100 
milliliters of water. Since nitromethane con- 
tains a nitro group, its large-scale industrial 
application is occasionally questioned from 
the point of view of safety. The flash points 
of the four nitroparaffins (nitromethane, 
nitroethane, 1-nitropropane, and 2-nitropro- 
pane) are, however, much higher than those 
of the common hydrocarbons, ketones, and 
esters having the same boiling points. At- 
tempts to detonate the pure nitrocarbons 
with blasting caps have been unsuccessful 
except for nitromethane, which can be deto- 
nated only under very special conditions, 
and it therefore presents no particular safety 
problem when the usual precautions are ob- 
served. However, the nitroparaffins are weak 
oxidizing agents, particularly at elevated 
pressure and temperature, and unexpectedly 
violent reactions may take place, especially 
in the presence of readily oxidizable organic 
matter (2). Sodium and potassium nitro- 
methane explode with great violence when 
heated and this also occurs when these sub- 
stances, having been dried in a desiccator, 
come into contact with traces of water. When 
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mercuric chloride reacts with sodium nitro- 
methane, fulminate of mercury is produced. 


Industrial Uses 


The nitroparaffins, in general, including 
nitromethane, dissolve a wide variety of syn- 
thetic resins and cellulose esters and are 
used commercially as solvents in the coating 
industry. In coating material having a zein 
base (a vegetable protein derived from 
corn), a small amount of nitromethane de- 
creases the tendency of zein solutions to gel 
and permits the use of less water in the sol- 
vent mixture, thus reducing blushing tend- 
encies. Nitromethane is chlorinated to make 
chloropicrin which, though ordinarily con- 
sidered a war gas, is employed in large quan- 
tities as a soil larvicide and fumigant. It is 
of interest that nitromethane dissolves aro- 
matic hydrocarbons but is practically im- 
miscible with either paraffinic or naphthenic 
hydrocarbons. This substance therefore has 
been of particular value as a solvent in the 
refining of petroleum. 


Toxicity 

The physiological action of nitromethane 
has been investigated by Machle and his 
associates (3) using young, healthy guinea 
pigs, rabbits, and monkeys as experimental 
animals. The procedure followed included 
that of oral edministration, skin application, 
and inhalation of the vapor of nitromethane. 
Concentrations varying from 0.05 per cent 
of the vapor with an exposure time of 140 
hours to concentrations of 3 per cent with an 
exposure time of 2 hours were used. Initially, 
there was slight irritation of the respiratory 
tract but no coughing, sneezing, or marked 
conjunctival irritation. With continued ex- 
posure, however, animals appeared ill, 
slightly narcotized, and salivation was ap- 
parent. The animals later became weak, 
ataxic, and incoordinated. Pronounced nerv- 
ous symptoms appeared following continued 
exposure to the highest concentrations. 
Guinea pigs and monkeys were somewhat 
more susceptible than rabbits to nitrometh- 
ane. Concentrations of 0.05 per cent of ni- 
tromethane vapor in air were found to be 
safe and tolerable concentrations for guinea 
pigs, rabbits, and monkeys. The concentra- 
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tion of 0.1 per cent, however, would appear 
to be a dangerous concentration for man. No 
evidence of significant skin absorption of 
nitromethane was found. Since lethal con- 
centrations for animals appear to be less 
than narcotic concentrations, beginning nar- 
cosis cannot safely be used as a warning of 
dangerous concentrations. However, the 
strong odor of nitromethane would seem to 
be an effective guide to the presence of harm- 
ful concentrations. 


Analysis 

The method adopted by Machle and his 
associates (3) for the analysis of nitrometh- 
ane vapor in air is based upon the color 
formed by heating nitromethane and vanillin 
in ammoniacal solution. The procedure fol- 
lowed by these investigators is adequate for 
nitromethane determinations. However, it 
was necessary to devise a somewhat differ- 
ent method for mixtures containing other 
nitroparaffins (4). The latter is based on 
measurements made from the absorption 
curve of the colored complex formed when 
ferric chloride is added to a nitroparafiin 
previously acidified with hydrochloric acid 
to a pH of 1.25 to 1.30. In the method 
adopted by Wilson and Hutchinson (5), the 
nitromethane is absorbed in 0.2 normal con- 
centration of sulfuric acid and the concen- 
tration determined polarographically. 
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NITROPROPANE 


Characteristics 


Two nitropropanes are commercially im- 
portant, 1-nitropropane (CH;CH.CH.NOz) 


eo 


CARBON COMPOUNDS 


and 2-nitropropane (CH;CHNO.CHs). The 
properties of the pure substances (1) are 
given in Table 11. 

Because of their higher flash points, the 
nitropropanes are much less hazardous than 
hydrocarbon solvents having the same boil- 
ing range. Furthermore, the nitropropanes 
present no particular problem from the 
standpoint of fire or explosion hazard. 


Industrial Uses 


The nitroparaffins are solvents for a wide 
variety of materials (2). Practically all of 
the cellulose esters and many of the resins 
used for coating purposes are easily dis- 
solved by these substances. Mixtures con- 
taining nitropropanes, ethyl alcohol, and bu- 
tyl alcohol are used as solvents for lacquers 
in which cellulose acetate is used. Before the 
war, 2-nitropropane was used in vinyl resin 
solutions for coating beer and fruit juice cans 
and for many other purposes where a cor- 
rosion-resistant finish is desirable. Large 
amounts of nitroparaffins are now used in 
vinyl resin solutions to replace rubber as 
dopes or cements for coating cloth. In the 
dry-cleaning industry, 2-nitropropane has 
been used as an ingredient of special spot- 
ting fluids because of its excellent solvent 
properties for a wide variety of stains. In the 
textile field, 2-nitropropane is an ingredient 
used for scouring and kier-boiling of cotton 
fabrics. In paint removers, the addition of 
20 to 25 per cent of 2-nitropropane permits 
the attack of many otherwise resistant syn- 
thetic finishes. 

Toxicity 

Machle and his associates (3), in an in- 
vestigation of the physiological response of 
animals to some simple nitroparaffins, ad- 
ministered both 1- and 2-nitropropane by 
stomach tube to rabbits. The principal 
symptoms noted were progressive weakness 
and collapse, unsteadiness, and incoordina- 
tion ending in complete ataxia. The lethal 
dose in grams per kilogram of body weight 
ranged between 0.25 and 0.50 for 1-nitro- 
propane and between 0.50 and 0.75 for 2-ni- 
tropropane. No illness and no skin irritation 
resulted from applications of either of these 
compounds to the skin of animals. Machle 
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TABLE 11 
ae Se Seeder > <a. 
1-Nitropropane a 

Boiling point (°C.)..... 131.6 120.3 
Melting point (°C.)..... —108 —93 
Density p20/20......... 1.003 0.992 
Refractive index 20°C... 1.4015 1.3941 
Solubility in water 

20°C. (ml./100 ml.)... 1.4 1:7 
Flash point (°C.)....... 48.7 39.4 
Vapor pressure 20°C, 

Cites ge ee a, 7.5 12.9 


found 1-nitropropane to be definitely more 
toxic on inhalation than either nitroethane 
or nitromethane. A concentration of 14% per 
cent of the vapor was sufficient to kill all 
animals exposed and a concentration of 1 
per cent caused the death of one monkey. 
The symptoms and behavior of the exposed 
animals were similar to those produced by 
nitroethane, 2.e., irritation of the respiratory 
tract with slow, full respiration and occa- 
sional audible rales, conjunctival irritation, 
and slight salivation. Twitching and jerking 
movements of the head and extremities were 
usual with high concentrations. Scott (4) 
found nitrates in the blood of rabbits intra- 
venously injected with both 1- and 2-nitro- 
propane. Skinner (5), in an investigation of 
two plants where 2-nitropropane was used 
in spraying or dipping, found concentrations 
of this substance varying from 13 to 28 parts 
per million of the air in one plant and 20 to 
45 parts per million in the second plant. The 
workers in these two plants complained of 
anorexia, nausea, vomiting, and diarrhea. 
These symptoms disappeared when methyl 
ethyl ketone was substituted for 2-nitropro- 
pane. On the basis of their study of the phys- 
iological response of various species of ani- 
mals to the vapor of 2-nitropropane, Treon 
and Dutra (6) have suggested tentatively 
50 parts per million as a tolerable limit for 
human exposure. , 


Analysis 

Air samples containing nitropropane as a 
contaminant may be taken by adsorption on 
silica gel or by the impinger method with 
isopropyl alcohol. The method of analysis 
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adopted by Scott and Treon (7) depends 
upon the reddish-brown color formed when 


ferric chloride solution is added to an acid- 


solution of the compound. Absorption curves 
of the colored complex formed with nitro- 
propane may be determined and from these 
the quantity of nitroparaffin can be esti- 
mated. 
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NORISODRINE SULFATE 


Characteristics 


Norisodrine sulfate, N-tsopropylarterenol, 
1 - (3,4 - dihydroxyphenyl) - 2 - vsopropyl- 
aminoethyl sulfate, (Ci1Hi7NOs) 9° H2SOg, 
crystallizes from acetone-methanol. The 
crystals have a melting point of 180° C. and 
are readily soluble in water and in alcohol 
but are insoluble in ether. The aqueous solu- 
tion is stable. 


Uses 


Norisodrine sulfate is a drug related to 
epinephrine and is effective in the treatment 
of asthma when inhaled as an aerosol or as 
a fine powder. 


Toxicity 


Watrous and Schulz (1) find that the in- 
halation of a few milligrams of norisodrine 
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sulfate may produce side-effects including 
tachycardia, rise or fall of blood pressure, 
nausea, precordial pain, anxiety, sweating 
and tremor. Symptoms are described in three 
cases of norisodrine absorption occurring in 
pharmaceutical workers who filled car- 
tridges with the 10 per cent and 25 per cent 
powder. The symptoms included most of 
those described above and were transient 
and nondisabling. 


Analysis : 

A chemical method was developed by 
Watrous and Schulz (1) for determining the 
atmospheric concentration of norisodrine 
sulfate sensitive to 1 microgram per liter of 
air. Concentrations of norisodrine sulfate in 
the workrooms were found to be below the 
sensitivity of this method and the symptoms 
displayed by workers were attributed to sud- 
den high concentrations caused by acciden- 
tal spillage. 
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OXALIC ACID 


Characteristics 


Oxalic acid, dicarboxylic acid, ethane-di- 
acid, HOOC-COOH-2H.0, is a colorless, 
crystalline, dibasic acid which, in combina- 
tion with potassium or calcium, is often 
found as the crystalline salt in plant cells. 
The calcium salt constitutes the principle in- 
gredient of certain calculi. Oxalic acid has 
a density of 1.653, melts at 101° to 102° C., 
and begins to sublime at about 100° C. Its 
solubility in water is 83.4 grams per liter of 
saturated solution at 20° C. and it is moder- 
ately soluble in alcohol. When heated with 
concentrated sulfuric acid, it yields both ear- 
bon monoxide and carbon dioxide. It is simi- 
larly decomposed by acetic anhydride. With 
formic acid, oxalic acid yields only carbon 
monoxide, while no gas at all is given off 
when it is treated with citric, malic, tartaric, 
or similar acids. While formerly prepared 
by treating cellulose material, such as saw- 
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dust, with sodium hydroxide or by oxidation 
of such substances with nitric acid, it is now 
made by the interaction of carbon monoxide 
and sodium hydrate at about 360° C. Oxalic 
acid forms a number of monoalky] esters and 
dialkyl esters by heating the anhydrous acid 


_with the corresponding alcohol. 


- Industrial Uses 


The production of oxalic acid in 1954 in 
the United States amounted to 17,488,000 
pounds. Its uses in industry are manifold. 
It is used as a bleach and cleanser in laun- 
dries and as a bleaching agent for straw, 
leather, and cork, as an ingredient of metal 
polishes, and to some extent in medicine and 
photography. Oxalic acid has important ap- 
plications in calico printing and dyeing and 
for bleaching woodwork, as well as in cellu- 
loid manufacture and the preparation of in- 
termediates and dyes. 

Toxicity 

Oxalic acid has long been recognized as a 
very poisonous substance. Exposure in in- 
dustry occurs as a result of handling solu- 
tions, frequently quite strong, of oxalic acid 
and also in boiling out automobile radiators, 
which gives rise to highly disagreeable fumes 
or mist of oxalic acid causing irritation of 
the upper respiratory tract. Continued ex- 
posure results in a certain amount of sys- 
temic poisoning. When a strong solution of 
oxalic acid is boiled for some time in an av- 
erage sized room, the room becomes filled 
with a fog of oxalic acid and this contami- 
nated atmosphere causes coughing and suffi- 
cient irritation to make it impossible to con- 
tinue work for any length of time. The severe 
cases of systemic poisoning and deaths from 
oxalic acid mentioned in the literature, how- 
ever, have usually been related to the in- 
gested substance. In these cases, of which the 
smallest recorded fatal dose is 5 grams, the 
symptoms observed have been those of very 
rapid collapse, with a small, weak pulse fol- 
lowing convulsions. The toxic effect, in gen- 
eral, is very rapid in action. At autopsy, 
there is marked evidence of renal injury 
with cloudy swelling, hyaline degeneration, 
and sclerosis of the tubules (1). Grolnick (2) 
cites the case of a painter who, in the course 
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of his work, occasionally scrubbed floors 
with oxalic acid. His hands showed evidence 
of early gangrene with deep cyanosis from 
the finger tips to beyond the wrist. The 
symptoms disappeared on bathing the af- 
fected parts with hot, strong solutions of 
magnesium sulfate. Howard (3) cites the 
case of an employee of an automobile spe- 
cialty repair establishment who became af- 
flicted with oxalic acid poisoning from 
oxalic acid vapors released in boiling auto- 
mobile radiators. The individual thus ex- 
posed was completely disabled for a number 
of weeks and the symptoms observed were 
consonant with the symptoms of oxalic acid 
poisoning. Klauder et al. (4) have reported 
cases of cutaneous reaction following ex- 
cessive exposure to 5 and 10 per cent solu- 
tions of oxalic acid. Lower concentrations 
however apparently do not have this effect. 
No maximum allowable concentration value 
has been established for oxalic acid. 


Analysis 


The determination of oxalic acid vapor as 
an aerial tontaminant should be a relatively 
simple matter in case no complicating sub- 
stances are also present. Samples can be 
secured by bubbling through a slightly al- 
kaline solution in a fritted glass bubbler and 
may subsequently be titrated with dilute 
standard potassium permanganate solution. 
Oxalic acid also gives a red double salt of 
manganese in alkaline solution which can 
be used for its colorimetric determination 
(5). The microdetermination of oxalic acid 
based on the violet-red color produced with 
2 ,7-dihydroxynaphthalene within a range of 
200 micrograms has recently been described 
by Calkins (6). 


REFERENCES 


1. Tobben, H.: Oxalate poisoning. Virchow’s Arch. 
pathol. Anat. u. Physiol. 302: 246 (1938). _ 
2. Grolnick, M.: Early gangrene due to oxalic acid. 
N. Y. State J. Med. 29: 1461 (1929); Abst. J. 
Ind. Hyg. 12: 56a (1930). 
3. Howard, C. D.: Chronic poisoning by oxalic 
acid: with report of a case and results of a 
study concerning the volatilization of oxalic 
acid from aqueous solution. J. Ind. Hyg. 14: 
283 (1932). es 
4. Klauder, J. V., Shelanski, L., and Gabriel, K.: 
Industrial uses of compounds of fluorine and 
oxalic acid. Cutaneous reaction and calcium 
therapy. Arch. Ind. Health 12: 412 (1955). 


312 


; ez, M.: Two new color reactions for oxalic 
? te and its salts. J. pharm. chim. 2: 325 (1942). 
6. Calkins, V. P.: Microdetermination of glycolic 

and oxalic acids. Ind. Eng. Chem., Anal. Ed. 
15: 762 (1943). 


PARATHION 


Characteristics 


Parathion, O,O-diethyl O-p-nitrophenyl 
thiophosphate, diethyl-p-nitrophenyl mono- 
thiophosphate 


x 
Ong YOR 
S ‘OC.H, 


is a colorless and nearly odorless liquid 
when pure, but the commercial product is 
brownish and has a garlic-like odor. It boils 
at 157 to 162 at 0.6 millimeter, has a den- 
sity of p 25/4 1.26 and a refractive index of 
n 20/p 1.53668. While nearly insoluble in 
water (20 parts per million) it dissolves 
freely in alcohol, ether, and aromatic hydro- 
carbons. 


Uses 


Parathion is an important agricultural in- 
secticide and production of this substance in 
the United States amounted to 3,889,000 
pounds in 1954 (1). 


OC2H; 


Toxicity 

The unique toxic qualities of the organic 
phosphorus insecticides are well-exemplified 
by parathion. In general these substances 
appear to be toxic to animals because of 
their interference with the normal mecha- 
nism of nerve impulse conduction. Fatal ef- 
fects are produced by cholinesterase deple- 
tion in the blood stream and tissue fluids. 
Symptoms of poisoning do not appear until 
the level of cholinesterase activity falls be- 
low about 30 per cent, after which the toxic 
effects suddenly appear. Parathion is one of 
the most toxic of the organic phosphorus in- 
secticides, the acute oral LDso value for rats 
being 6 milligrams per kilogram of body 
weight. Furthermore, many of these sub- 
stances, parathion in particular, are ab- 
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sorbed through the skin and are therefore 
especially hazardous. Numerous cases of poi- 
soning and several fatalities have been re- 
ported from contact with parathion and 
numerous investigations have been reported 
concerning its action. In general it may be 
said that the toxicity of the organic phos- 
phorus insecticides is largely a function of 
their anticholinesterase activity. Frequent 
measurement of blood cholinesterase levels 
has been a routine procedure where contact 
with the poison has occurred. Atropine is 
generally recommended as a specific anti- 
dote for the organic phosphorus poisons. 

Tetraethylpyrophosphate, (C2Hs5)4P20z, 
is rated as more acutely toxic than para- 
thion, since it has an oral LDso value of 2 
milligrams per kilogram of body weight. | 
However, unlike parathion, chronic effects 
are less evident with tetraethylpyrophos- 
phate as it is rapidly hydrolyzed in the body 
and leaves no toxic residue. Chronic poison- 
ing with parathion, on the other hand, re- 
sults in gradually reduced cholinesterase 
levels and very slow regeneration of cholin- 
esterase after removal from contact with 
the toxicant. 


Analysis 


Hirt and Gisclard (2) describe a sensitive 
method for the determination of parathion 
concentration as airborne dust, mist, or 
vapor in workroom atmospheres. This 
method consists in sampling in ethanol and 
subsequent ultraviolet spectroscopic analy- 
sis. The detectability is stated to be 9 micro- 
grams when a 50 millimeter absorption cell 
is used. Richards (3) has modified Frazier’s 
original method (4) for determination of 
parathion air samples, which depends upon 
decomposition of the parathion and estima- 
tion of the phosphate content colorimetri- 
eally. According to Biggs (5) the analysis 
of parathion as determined by direct meas- 
urement of its characteristic absorption 
spectrum may be confirmed by its hydrol- 
ysis to p-nitrophenol and measurement of 
the latter’s absorption spectrum. 
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PENTACHLOROETHANE 


Characteristics 


Pentachloroethane, CHCl2-CCl3, is a 
heavy, colorless liquid having a boiling 
point of 160.5° C., a density p 20/4 of 1.681, 
and refractive index n 20/p of 1.5024. It 
has an evaporation rate of 3 in comparison 
with 100 for ether and its solubility in water 
at room temperature is 0.5 gram per liter. 
Pentachloroethane is prepared by the chlo- 
rination of trichloroethylene, ethyl chloride, 
or tetrachloroethane. Distillation at atmos- 
pheric pressure causes some decomposition 
and on boiling with alcoholic potash, tetra- 
chloroethylene (boiling point 121°C.) is 
formed. 


Industrial Uses 


Pentachloroethane is principally used for 
the dry cleaning of clothes. However, its ap- 
plication for this purpose is minor compared 
with some hydrocarbons. To some extent, 
pentachloroethane has been used as a sol- 
vent for cellulose acetate, as well as certain 
cellulose ethers, and for resins and gums. 


Toxicity 

Pentachloroethane is somewhat more 
toxic than tetrachloroethane. In general, it 
is narcotic in action and is more effective 
in this respect than chloroform. It has a 
pronounced irritating effect on mucous 
membranes, causing purulent inflammation 
of the nose, throat, and respiratory pas- 
sages. Chronic poisoning causes fatty de- 
generation of the liver, inflammation of the 
kidney, bronchitis, pronounced hyperemia 
of the lungs, and purulent pneumonia. 
Pentachloroethane is regarded by Kiessling 


(1) as 20 times as potent as chloroform as 
a narcotic and 26 times as toxic as chloro- 
form for the isolated heart. Although 
Henderson and Haggard rate the toxicity 
of pentachloroethane as high in comparison 
with other chloro derivatives of methane 
and ethane, these authors point out the in- 
adequacy of this type of comparison (2), 
especially where one toxic agent is predom- 
inantly a central nervous system poison 
and the other primarily impairs the liver 
function. Nq maximum allowable concen- 
tration value for pentachloroethane has 
been established. 


Analysis 


The ordinary flame detector is useful in 
detecting the presence of pentachloroethane 
aS an atmospheric contaminant. The 
amount of this substance in air may be in- 
dicated by its reaction with pyridine and 
sodium hydroxide (3). Quantitative evalu- 
ation of the atmospheric concentration may 
also be made by Setterlind’s combustion- 
titration method (4). 
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PENTACHLOROPHENOL 


Characteristics 


Pentachlorophenol, C.gCl;OH, density 
D 22/4 1.978, melting point 190° to 191° C., 
boiling point 309° to 310° C. (with decom- 
position), forms white, needle-like crystals. 
The solubility in water is very slight (0.018 
gram per liter at 27° C.) (1). It is, however, 
readily soluble in such solvents as methyl 
and ethyl alcohol and, to some extent, in 
benzene, ethylene glycol, and Stoddard sol- 
vent. Pentachlorophenol has a very low 
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vapor pressure at ordinary temperatures. 
At 20° C., the vapor pressure is 1.7 xX 10% 
millimeters of mercury and at 50° C. is only 
3.1 xX 10% millimeters of mercury. The 
sodium salt of pentachlorophenol, commer- 
cially called Dowicide G, is soluble in water 
(33 grams per 100 grams at 25° C.), in ace- 
tone (37 grams per 100 grams at 37° C.), 
and in ethyl alcoho! (64 grams per 100 
grams at 25° C.). The salt occurs in com- 
merce as buff-colored flakes and is practi- 
cally odorless. 


Industrial Uses 


Owing to its toxicity to fungi, bacteria, 
yeasts, and other microorganisms, penta- 
chlorophenol has received wide application 
in the field of industrial preservation. Its 
high degree of toxicity to different types of 
organisms, its low solubility in water and 
low vapor pressure (which insures perma- 
nence), its good chemical stability, and its 
relatively low cost has made it particularly 
useful in industry. Wood preservation, sap 
stain control, slime and algae control, the 
preservation of glues, gums, and such pro- 
teins as casein, albumin, and gluten, the 
preservation of hemp, jute, and other cel- 
lulosic products, as well as textiles in gen- 
eral, and the preparation of fungus-resisting 
paints constitute industrial application of 
this substance or its sodium salt. 


Toxicity 


The smallest lethal dose of sodium penta- 
clorophenate in aqueous solution or in 1 per 
cent sodium chloride solution when applied 
to the skin was found by Kehoe and his as- 
sociates (2) to be 257 milligrams per kilo- 
gram expressed in terms of free pentachloro- 
phenol. When administered by mouth, the 
corresponding dose was found to be 218 mil- 
ligrams per kilogram, and when given intra- 
venously, 22 milligrams per kilogram. No 
indication of chronic poisoning was found. 
Acute and chronic poisoning of rabbits with 
sodium pentachlorophenate was investi- 
gated by Boyd and his associates (3) and 
McGavack et al. (4) in which toxicity by 
oral, subcutaneous, and intraperitoneal 
routes of administration was studied. These 
investigators state that contact dermatitis 
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represents the most likely industrial hazard. 
Skin contact over a period of 14 days with 
1 per cent solutions caused erythema and 
with 1.5 per cent caused microscopic 
evidence of skin irritation. Greater concen- 
trations caused gross changes—edema in- 
flammation, and eventual “tanning”. Deich- 
mann and his associates (5) and Machle 
and his associates (6) found that penta- 
chlorophenol can be absorbed through the 
skin into the blood. Pentachlorophenol is 
but little likely to emit harmful vapors 
when cold because of its high boiling point. 
When heated, however, this substance gives 
rise to highly pungent odors and irritant 
fumes. Its dust is also irritating. Urinary 
determination of pentachlorophenol has 
been suggested (6) as a means of estimating 
the extent of human absorption and con- 
sequently the severity of exposure to penta- 
chlorophenol. Truhaut and his associates 
(7) have investigated the toxicology of pen- 
tachlorophenol experimentally with animals 
and also report a number of cases of human 
poisoning in the wood industry with two 
fatalities. 


Analysis 


Since the vapor pressure of pentachloro- 
phenol is low at room temperature, the 
amount present as an aerial contaminant, 
and hence its detection as fume vapor, is 
unimportant. However, either pentachloro- 
phenol or its sodium salt may be spread in 
the atmosphere as dust. The determination 
of pentachlorophenol in air would require the 
catalytic decomposition of the contaminant 
by passing it over platinum at 1000° to 
1100° C., followed by absorption and esti- 
mation -of the hydrogen chloride formed. 
Deichmann and Schafer (8) have developed 
a spectrophotometric method for estimating 
pentachlorophenol in tissues and water. 
This method is based upon the determina- 
tion of a reddish-yellow pigment formed by 
the action of fuming nitric acid on penta- 
chlorophenol® Truhaut et al. (9) steam- 
distil biological material to separate penta- 
chlorophenol, then oxidize with nitric acid 
and permanganate followed by titration 
with silver nitrate. 
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p-PHENETIDINE 


Characteristics 

p-Phenetidine, 4-aminophenolethy] ether, 
4-aminophenetole, aminoethoxy benzene, 
ethoxy aniline 


OC2H; 


NH, 


is a colorless liquid which slowly turns red- 
dish brown on exposure to air and light. It 
is usually prepared from 4-nitrophenetol by 
the action of tin or iron and hydrochloric 
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acid, or by stannous chloride and hydro- 
chloric acid. Its melting point is about 3° Ci, 
boiling point 254.7° C. and density p 15/4 
1.0613. It is insoluble in water and is only 
slightly volatile with steam. It is soluble in 
alcohol and other organic solvents. 


Uses 


p-Phenetidine is an important chemical 
intermediate and is used in the manufacture 
of a number of drugs (phenacetin, lacto- 
phenin, and holocain) as well as in the dye- 
stuff industry. It is also used in the manu- 
facture of the very sweet substance called 
dulcin. The o- and m-phenetidines are rela- 
tively much less important than the p com- 
pound. 
Toxicity 

Although p-phenetidine is a toxic sub- 
stance, comparatively little investigation of 
the physiological response to this substance 
had been reported prior to the investigation 
of Smith and Williams (1) on the metabo- 
lism of this compound. p-Phenetidine has 
some bactericidal action and has a salicyl 
index number of 80 (2), but it has very little 
importance in this respect. The early experi- 
mental work showed p-phenetidine to be 
more poisonous than phenacetin. When ad- 
ministered to rabbits in doses of 1 to 2 grams 
it produces pronounced symptoms of poi- 
soning—in particular hemoglobinemia. In 
dogs at a dosage of 0.5 gram per kilogram of 
body weight it produces vomiting, extreme 
irritation of the alimentary tract, and ne- 
phritis (3). In man, administration by 
mouth causes cyanosis and hypothermia. Ac- 
cording to Edlefsen (4) p-phenetidine as 
such is excreted in the urine only following 
large doses and this accounts for Miiller’s 
negative results following small doses and its 
detection as a metabolism end product fol- 
lowing acetophenetidine administration (5). 
Smith and Williams (1) have recently made 
a more complete investigation of the detoxi- 
cation mechanism which is effective follow- 
ing administration of p-phenetidine to rab- 
bits. About 30 per cent of the phenetidine fed 
is excreted as ethereal sulfates. The main 
phenolic substance in the sulfate fraction is 
2-hydroxy-4-ethoxyaniline. The p-pheneti- 
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dine undergoes de-ethylation acetylation 
and oxidation within the body. A consider- 
able amount of glucuronide is excreted and, 
among other substances, p-acetamidopheny] 
glucuronide in 6 per cent yields was isolated 
from the urine. While p-phenetidine has not 
so far been reported as a cause of industrial 
injury, it should be recalled that it is ab- 
sorbed through the skin and that exposure to 
its vapor is hazardous unless suitably con- 
trolled. 


Analysis 


No method has been developed for the 
determination of minute amounts of p-phe- 
netidine as an atmospheric contaminant. 
However, small amounts of the hydrochlo- 
ride give a red color with ferric chloride, 
which later turns to violet. With calcium 
hypochlorite it gives a red-colored precipi- 
tate (6). Edlefsen (7) detected p-pheneti- 
dine in urine by diazotizing and coupling 
with a-naphthol. A deep red color is formed 
which makes the estimation of p-pheneti- 
dine in this case a simple colorimetric pro- 
cedure. 
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PHENOL 


Characteristics 


Phenol, hydroxybenzene, carbolic acid, 
CeH;OH, is a colorless solid with melting 
point 42°C., boiling point 183° C., specific 
gravity 1.071, and index of refraction 1.5425 
at 41° C. One part is soluble in 15 parts wa- 
ter at 16° C., while at 66° C., it is soluble in 
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all proportions. Phenol volatilizes with 
steam. It gives a violet color with ferric chlo- 
ride in water. Nitration with hot fuming 
nitric acid yields picric acid (2,4,6-trinitro- 
phenol) with a melting point of 122° C. With 
bromine water, phenol forms tribromophenol 
with a melting point of 93° C. Phenol, when 
heated with phthalic anhydride and a drop 
of concentrated sulfuric acid, yields phenol- 
phthalein which gives a deep red color with 
dilute alkali. 


Industrial Uses 


In 1935, the total U. S. production of phe- 
nol was 43,418,579 pounds, half of which 
represented synthetic production. In 1947, 
the total United States production of phenol 
was 268,460,000 pounds, 245,000,000 pounds 
of which represented synthetic production 
and 23,500,000 pounds of which was derived 
from fractional distillation of coal tar. Pro- 
duction in the United States in 1954 
amounted to 417,503,000 pounds. A plant 
has been constructed for the synthetic pro- 
duction of phenol capable of producing at 
least 20,000,000 pounds of phenol per annum 
from benzene (1). In a more recently devel- 
oped continuous process, phenol is made 
from monochlorobenzene (2). Among the 
many uses for phenol in industry, one finds 
its greatest use in the manufacture of syn- 
thetic resins and plastics (60 to 65 per cent). 
Insecticides and disinfectants absorb about 
10 per cent and the extraction of lubricating 
oils and the manufacture of dyes and inter- 
mediates each absorb about 5 per cent. 
Among other uses are the manufacture of 
perfumes, pharmaceuticals, explosives, and 
disinfectants. 


Toxicity 

Phenol exerts a strong corrosive action on 
body tissues and produces severe systemic 
reactions after absorption through the skin 
and mucous membranes, the gastrointestinal 
tract, or the lungs. It is a general protoplas- 
mic poison, particularly affecting the central 
nervous system. Serious burns may result 
from skin contact unless the chemical is re- 
moved promptly and thoroughly. Dermatitis 


may result from repeated or prolonged con- 
tact with low concentrations of phenol in 
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any form. It causes about 20 per cent of the 
dermatitis. cases of the phenolformalcehyde 
industry (3). Absorption may occur through 
the unbroken skin. The symptoms of chronic 
phenol poisoning are: digestive disturb- 
ances, nervous disorders, and skin eruptions. 
Chronic poisoning may terminate fatally in 
cases where damage to the liver or kidneys 
is extensive. Following absorption, it is 
partly oxidized to hydroquinone and pyro- 
catechin, which are excreted in the urine and 
tend to be oxidized to color substances, 
which give the urine a dusky-green color, 
changing to brown or even black. The maxi- 
mum allowable concentration value for the 
vapor of phenol in air is 5 parts per million. 
The symptoms of acute toxicity from phenol 
absorption are: profound muscular weak- 
ness, headache, dizziness, dimness of vision, 
ringing in the ears, irregular and rapid res- 
piration, weak pulse, and difficult breathing. 
Any or all of these toxic effects may result 
from absorption. Phenol taken internally is 
a violent poison for which there is no known 
satisfactory antidote. As little as 8.5 grams 
has caused death. The maximum therapeutic 
dose is 200 milligrams (4), while the average 
dose is 60 milligrams. 


Analysis 


Phenol may be separated from a variety 
of substances by steam distillation of the 
acidified material. A method which may be 
applied to macro quantities is based on the 
formation of tribromophenol by the bromin- 
ation of phenol with the bromine solution 
produced by the use of a potassium bromide- 
potassium bromate mixture (5). An excess 
of bromine is used forming tribromophenol 
and the excess is determined by adding po- 
tassium iodide and back-titrating with so- 
dium thiosulfate. Phenol in trace amounts 
(5 to 100 micrograms per liter of solution) 
is best determined colorimetrically. Phenol, 
and most phenolic compounds in which the 
p position is unsubstituted, form blue 2,6- 
dibromoindophenols in combination with 
2,6-dibromoquinone chloroimide (6, 7). It 
couples with diazotized sulfanilic acid to 
form highly colored azophenol dyes. The 
color should reach maximum value within 
30 minutes, although very low concentra- 


317 


tions of phenol may require longer standing 
and Some error may occur in this case, ow- 
Ing to oxidation of the reagent. 
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PHENOTHIAZINE 
Characteristics 
Phenothiazine, dibenzthiazine,  thiodi- 


phenylamine, phenoxur 


NH 
a 4 0 
Apes A 

S 


is & grayish-green powder in its commercial 
form and crystallizes as yellow to colorless 
rhombic leaflets from toluene or alcohol. It 
is prepared by the reaction of diphenylamine 
and sulfur, preferably in the presence of an 
oxidizing catalyst. Phenothiazine melts at 
184 to 185° C. and sublimes at 371° C. It is 
insoluble in water but readily soluble in ben- 
zene and is slightly soluble in alcohol and 
in mineral oil. 


Uses 


Phenothiazine has great practical impor- 
tance as the parent substance of the thiazine 
dyes, including methylene blue, brilliant 
alizarin blue, and thionine blue. It is ex- 
tensively used as an insecticide and to some 
extent as an anthelmintic, as well as in 
ehemical manufacturing. The extent to 
which it is used is indicated by the produc- 
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tion figures of 2,343,000 pounds in the United 
States in 1949 and 5,914,000 pounds in 1952. 


Toxicity 

While the toxicity rating for phenothiazine 
is rather low, it possesses the undesirable 
characteristic of inducing photosensitization 
in individuals exposed to it. Furthermore, 
it is irritating to the skin. Guinea pigs ap- 
pear to be the most sensitive of laboratory 
animals with reference to exposure to pheno- 
thiazine (1). This substance has been used 
as an insecticide for a number of years and 
is not only toxic to the codling moth and to 
the roach periplaneta americana (2), but 
also to anopheles larvae (3), although dam- 
aging to bees and fish. Phenothiazine has 
been extensively used both in animals and 
in man for controlling pinworm and round- 
worm infestation and other nematode infec- 
tions, and particularly in horses and sheep. 
Most (4) treated over 200 patients with 
phenothiazine without apparent ill effects, 
the total dose averaging 0.3 gram per kilo- 
gram of body weight. However, larger doses 
may be quite toxic and produce hemolytic 
anemia and hepatitis. DeEds and his asso- 
ciates (5) investigated the metabolism of 
phenothiazine and found that the urine of 
animals ingesting this substance contained 
leucothionol and some form of water-soluble 
phenothiazine, possibly conjugated, or in 
some loose chemical composition. Leuco- 
phenothiazine potassium sulfate (6), thionol 
(7) and a conjugate composed of leuco- 
thionol and glucuronic acid have been iden- 
tified as end products of phenothiazine me- 
tabolism. 

Skin irritation from phenothiazine is a 
result of photosensitization presumably in- 
duced by the presence of the oxidation-re- 
duction system thionol-leucothionol in the 
tissues (8). Men working with this sub- 
stance and not exposed to direct sunlight 
are not affected apparently. However 
Fleischhacker (9) has reported four cases 
of dermatitis in workers engaged in tablet- 
ing phenothiazine. Sunlight exposure in the 
plant or after hours was not reported. How- 
ever, fruit sprayers complain of intense itch- 
ing and reddening of the skin, sometimes 
accompanied by edema and secondary in- 
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fection on areas of intense hyperemia and 
occasionally requiring hospitalization. 
Whitten and his associates (10) have re- 
ported a photosensitized keratitis due to the 
action of light on the cornea and which oc- 
curs 12 to 36 hours after dosing. 


Analysis 


Commercial phenothiazine may contain 
as many as five different compounds and re- 
quires purification by solution in benzene 
and absorption of impurities by passing it 
through a column of alumina (11). The 
phenothiazine may be estimated colorimet- 
rically following oxidation with bromine wa- 
ter and comparison with known quantities 
of the pure substance. 
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PHENYLENEDIAMINE 
Characteristics 
Phenylenediamine, diaminobenzene, 
CeHs(NHz) 2, 


exists in three forms (0, m, and p). The 
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physical properties of these substances are 
indicated in Table 12. 

The three phenylenediamines are solids 
which crystallize well, but as they oxidize 
readily they cannot be kept indefinitely in 
air for they become colored and decompose. 
Their salts are more stable. o-Phenylenedi- 
amine is prepared by the reduction of o-ni- 
troaniline with iron and hydrochloric acid 
or with zine dust and alkali. The m com- 
pound is similarly prepared from m-dinitro- 
benzene and the p from p-nitroaniline. 


Industrial Uses 


o-Phenylenediamine has only a limited 
technical use. m-Phenylenediamine and its 
derivatives containing methylated or phen- 
ylated amino groups are important sub- 
stances, however, since they are used for the 
synthesis of dyes, particularly azo dyes. This 
group is used for the development of the 
diazotized dye directly on the fiber and also 
finds some application as a reagent for de- 
tecting nitrous acid. p-Phenylenediamine is 
also employed for the synthesis of various 
dyes and for the dyeing of dead hair and furs 
and as an accelerating agent in the vulcani- 
zation of rubber. p-Phenylenediamine is also 
used as a fine-grain developer in photog- 
raphy. During 1945, 1,010,000 pounds of 
m-phenylenediamine were produced in the 
United States. The latest figures available 
for o- and p-phenylenediamine show that in 
1953, 1,058,000 pounds were produced. 


Toxicity 

Of the three phenylenediamines, p-phen- 
ylenediamine has proved to be an especially 
virulent skin irritant. It has been used under 
the trade name of Ursol D for the dyeing 
of furs and also has been employed as a hair 
dye, although it has been banned for this 
purpose in France, Germany, and Austria. 
According to White (1), repeated applica- 
tion of basic p-phenylenediamine or Ursol 
causes the development of an eczematous- 
like eruption and the whole of the skin be- 
comes sensitive. According to Hanzlik (2), 
p-phenylenediamine salts are nonirritant in 
contact with the unbroken skin, but hypo- 
dermic and gastric administration of this 
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TABLE 12 
Melt- | Boil- Solubility in 
* “ Wat G 
Substance Point Poin t |Density per 1000 
C. C. Solution) ‘ 
o-Phenylenedia- 102 | 257 | — | 40.5 at 
mine 30e1 °C; 
m-Phenylenedia- 63 | 283 |1.1389] 838.3 at 
mine 34.4°C. 
p-Phenylenedia- 140 | 267} — | 98.5 at 
mine 37 .8°C: 





substance produces a peculiar specific edema 
of the face, nose, tongue, conjunctiva, and 
neck. The asthma and respiratory symptoms 
of workers in the fur dye industry in which 
p-phenylenediamine is used are due to direct 
irritation and bronchial stimulation, rather 
than to anaphylaxis. Mayer and Forster (3), 
upon examination of 181 workers employed 
in the fur trade where p-phenylenediamine 
was used as a dye, found that 111 individ- 
uals suffered from dermatitis or asthma. 
Cases of occupational asthma among fur 
workers using p-phenylenediamine have oc- 
curred with such frequency in Germany that 
the disease has become known as “Ursol 
asthma”. It is characterized by rhinitis, at- 
tacks of paroxysmal coughing, a sensation 
of oppression in the chest, special sensations 
of smell, and bronchial asthma. Local skin 
irritation is occasionally reported in workers 
using p-phenylenediamine developers for 
photographic purposes. The patch test with 
p-phenylenediamine is highly specific for 
occupational dermatitis due to this dye 
among workers in the fur industry. Silver- 
berg and Heimann (4) found that scratch 
tests with p-phenylenediamine on asthmat- 
ics in the fur industry were negative, but 
that four of the ten asthmatics examined 
gave a positive reaction to the patch test 
with p-phenylenediamine. Patch tests with 
p-phenlyenediamine on fur workers who had 
neither asthma nor occupational dermatitis 
were negative. Hunter (5) cites cases of sys- 
temic poisoning and one death arising from 
the use of this substance in hair-dressing 
establishments. He reported several cases of 
anemia following the use of p-phenylenedi- 
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amine as a hair dye. This anemia is charac- 
terized by its indifference to treatment with 
iron or liver extract. The simultaneous ex- 
cretion of coproporphyrins I and III in these 
cases indicates disturbances in pigment me- 
tabolism similar to those found in diseases 
of the liver and in some forms of exogenous 
poisoning, but unlike those found in perni- 
cious anemia and hemolytic jaundice. While 
the formation of methemoglobin is delayed 
in vivo, the changes in red corpuscles pro- 
duced in vitro by phenylenediamine can be 
duplicated with this substance in vivo in 
cats, dogs, guinea pigs, and rabbits (6). No 
maximum allowable concentration value has 
been established for any of the phenylenedi- 
amines. 


Analysis 


Although no direct method for the deter- 
mination of the phenylenediamines as aerial 
contaminants has been proposed, the reac- 
tivity of these substances with various metal 
ions can be utilized for their evaluation. 
m-Phenylenediamine reacts with chromates 
to give a red-brown coloration in both neu- 
tral and acid solution, while in ammoniacal 
solutions the color changes to yellow. With 
nitrites, the dye Bismarck brown is formed 
which is intensely colored. Copper salts 
yield a rose-red colored solution. p-Phenyl- 
enediamine on oxidation with hydrogen per- 
oxide or hypochlorite yields a diiminoqui- 
none having a violet color. 
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PHENYLHYDRAZINE 


Characteristics 
Phenylhydrazine, hydrazinobenzene, 
CeHs b NH = NHa, 


is a colorless, refractive oil at room tempera- 
ture, but, when pure, it sets to a crystalline 
mass at 19°C. The crystalline plates or 
prisms have a melting point of 23° C. and 
the liquid boils at 240 to 241° C. Its density 
is D 20.5/4 1.0978 and index of refraction 
n 20/D 1.60813. It is a weak base, sparingly 
soluble in water or ligroin, but readily solu- 
ble in alcohol, ether, chloroform, or benzene. 
It may be purified by erystallization from 
alcohol, or by distillation in vacuo. How- 
ever, it becomes brown rapidly on exposure 
to air. It is volatile with steam and forms a 
stable hydrochloride which can be crystal- 
lized unchanged from water. Commercially 
phenylhydrazine is prepared by treating 
benzene diazonium chloride with sodium sul- 
fite and then reducing the mixture with zine 
dust and acetic acid. It can also be prepared 
by reduction of diazonium chloride with 
stannous chloride. 


Uses 


Phenylhydrazine is a valuable reagent in 
the organic chemical laboratory for the iden- 
tification of compounds containing ketonic 
groups, the product of these reactions being 
hydrazones. Compounds containing the 
grouping —CHOH—CO—, for instance, 
glucose, fructose, etc., react with 2 mole- 
cules of phenylhydrazine to yield charac- 
teristically crystallized osazones. In addition 
to its analytical application, phenylhydra- 
zine is used for synthetic organic purposes 
in the manufacture of dyestuffs, intermedi- 
ates, pharmaceuticals and nitron—a stabi- 
lizer for explosives. 


Toxicity 


The toxicity of phenylhydrazine by mouth 
is not remarkable and in fact phenylhydra- 
zine has been recommended for therapeutic 
purposes in the treatment of polycythemia 
vera in dosages of 0.1 to 0.2 gram. However 
this therapeutic application has been decried 
by Cushny as dangerous. It has been demon- 
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strated repeatedly that phenylhydrazine 
produces anemia when fed to or injected 
into animals (1, 2, 3). Allen and Page (3) 
concluded that the erythrolytic effect of 
phenylhydrazine was due to the benzene 
nucleus and not to the hydrazine portion of 
the molecule. In acute poisoning of the rab- 
bit and guinea pig hemolysis is well marked 
(4), the urine is diminished in quantity and 
is dark in color. Intense anemia, loss of ap- 
petite, and asthenia mark the general con- 
dition. Chronic poisoning of young animals 
results in a checked and irregular growth, 
anemia, and asthenia (5) with no apparent 
alteration in the volume of urine. At autopsy 
an increased deposition of iron in the liver, 
spleen, and kidney was noted. According to 
Hesse and his associates (6) 0.02 gram of 
phenylhydrazine per kilogram of body 
weight when administered subcutaneously 
in dogs invariably results in death in about 
22 days. According to these investigators the 
cause of death is a depletion of glycogen, es- 
pecially in the heart muscle. An experimen- 
tal study of the mechanism of detoxication 
revealed that glycogen formers, or sub- 
stances promoting glycogen synthesis, are 
certain remedies against fatality, the ani- 
mals remaining obviously healthy following 
this treatment. 

While no industrial fatalities have been 
recorded from contact with phenylhydra- 
zine, cases of skin irritation occasionally 
occur in industry and it should be empha- 
sized that it is not only a skin poison but 
that absorption from the skin occurs very 
readily. Von Oettingen and his associates 
(7), in a study of the relation between the 
chemical constitution and pharmacological 
action of phenylhydrazine derivatives, in- 
vestigated the physiological response to 
these substances with particular reference 
to their toxicities and irritant effects on the 
skin. Von Oettingen (8) further discussed 
the potential danger of phenlyhydrazine- 
zinc chloride and made recommendations for 
the prevention of accidents in handling this 
material. Dermatitis from phenylhydrazine- 
zinc chloride was later reported by Downing 
(9) in a rubber mill employee. Tests showed 
this individual to be sensitized to phenyl- 
hydrazine following a brief exposure. Three 
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additional cases of phenylhydrazine poison- 
ing in industry have been reported by Rukl 
(10). Each of these cases was due to skin 
absorption. 


Analysis 


While no method has been proposed for 
the analysis of air containing phenylhydra- 
zine mist or vapor, it is possible that the 
method of Ling and Nanji (11) could be 
modified for this purpose. In this method 
phenylhydrazine may be estimated volu- 
metrically by its reaction with excess of 
iodine and subsequent determination of the 
iodine consumed by titration with thiosul- 
fate. 
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PHENYLPHENOL 


Characteristics 


Phenylphenol exists as o-phenylphenol 
(2-hydroxydiphenyl), m-phenylphenol (3- 
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hydroxydiphenyl), and p-phenylphenol (4- 
hydroxydiphenyl), CgHs-CeH,-OH. These 
substances are also known as orthoxenol, 
metaxenol, and paraxenol, respectively. All 
three crystallize in needle form, the o form 
from petroleum ether, the m form from 
water in which it is slightly soluble, and the 
p form from alkaline solution. The o and p 
forms are commercially important. o0- 
Phenylphenol boils at 280° C., melts at 55.5 
to 57.5° C., and is insoluble in water but 
very soluble in ether. p-Phenylphenol melts 
at 164 to 165° C., boils at 305 to 308° C., and 
is similar to the o form in solubility. m- 
Phenylphenol melts at 75° C., and is very 
soluble in alcohol. 


Uses 


o-Phenylphenol is used as a fungicide and 
germicide and is known commercially as 
Dowicide. Both the o and the p forms are 
used in the rubber industry. 
Toxicity 

Hodge and his associates (1) found the 
acute oral toxicity LDso of o-phenylphenol 
for rats to be 2.7 gram per kilogram of body 
weight. Rats maintained for 2 years on a 
diet containing up to 0.2 per cent of o- 
phenylphenol were not adversely affected. 
When the amount of o-phenylphenol was 
increased to 2 per cent, however, a slight 
retardation of growth was noted and in addi- 
tion some kidney changes and deposition of 
o-phenylphenol in the kidney. In another 
series of experiments dogs were fed a diet 
containing 0.5 gram per kilogram of body 
weight of o-phenylphenol daily for a period 
of 1 year with no adverse effects. It is ap- 
parent therefore that the acute oral toxicity 
of o-phenylphenol is rather low. 
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PHTHALIC ANHYDRIDE 


Characteristics 


Phthalic anhydride, CeH4(CO)20, is a 
white crystalline substance obtained by the 
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dehydration of phthalic acid, an aromatic 
polybasic organic acid derived from naph- 
thalene. Its specific gravity is 1.527 (4° C.). 
It melts at 130.8° C. and boils at 295.1° C., 
giving a dense white fume which crystallizes 
in long white needles. It is soluble in 162 
parts of water at room temperature, dissolv- 
ing more readily in hot water with conver- 
sion into phthalic acid, and it is soluble in 
125 parts of carbon disulfide. While spar- 
ingly soluble in ether, it is more readily 
soluble in alcohol. It is prepared by the oxi- 
dation of naphthalene with a mixture of 
mercuric sulfate and cupric sulfate in the 
presence of sulfuric acid or by passing 
naphthalene and oxygen over a catalyst at. 
400° to 500° C. Vanadium pentoxide has 
been found to be a useful catalyst for this 
purpose. About 130 pounds of phthalic an- 
hydride is derived from 100 pounds of naph- 
thalene. 


Industrial Uses 


The production of phthalic anhydride in 
the United States for 1945 amounted to 
125,033,000 pounds, which was somewhat in 
excess of that (124,473,000 pounds) in 1944. 
Of the total amount produced in the latter 
year, 55.3 per cent was used in the form of 
esters as plasticizers (largely in the form 
of dibutyl phthalate) ; 30.6 per cent in resins, 
principally of the alkyd resin type; 8.8 per 
cent in dyestuffs; and 2.5 per cent in drugs 
(1). Production in the United States had 
increased to 253,847,000 pounds in 1954. 
Among other special uses are the manufac- 
ture of phthaleins, benzoic acid, synthetic 
indigo, and the artificial resin, Glyptal. An 
increased use of phthalic anhydride has re- 
sulted from the recent discovery of the effec- 
tiveness*of dimethyl phthalate as an insect 
repellent. 


Toxicity 


Very little investigation of the toxic- 
ity of phthalic anhydride fume has been 
made. The fume is rather a disagreeable 
substance to breathe, having a choking ef- 
fect and a characteristic odor. Long-contin- 
ued exposure even to relatively low concen- 
trations of the fume would doubtless prove 
irritating to the mucous surfaces. Policard 
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and his associates (2), for instance, finds 
that workers exposed to phthalic anhydride 
dust experience nasal irritation, asthenia, 
and frequent conjunctivitis. However, there 
is no record of injury following short expo- 
sure to relatively high concentrations. Acute 
dermatitis which occurred in a plant pro- 
ducing phthalic anhydride was attributed 
by Kito and Tosu (3) to the presence of 
naphthoquinone in the crude product. The 
phthalic acid esters, according to Lehmann 
(4), are practically without danger. Shaffer 
and his associates (5), in an investigation of 
the toxicity of di(2-ethylhexyl) phthalate, 
found that its toxicity is largely or entirely 
due to the alkyl portion of the molecule 
rather than to the phthalic acid. 


Analysis 


Phthalic anhydride or phthalic acid may 
be identified by converting it to fluorescein 
which is distinguished by its powerful green 
fluorescence. When mixed with an equal 
weight of resorcinol, moistened with sulfuric 
acid, heated to 160° for 3 minutes, cooled, 
and treated with sodium hydroxide solution, 
the diluted phthalic anhydride gives the 
characteristic fluorescein reaction. On fusion 
with aniline at 250° C., washing with an 
alcoholic solution of chloroform, and pre- 
cipitation with alcohol, a crystalline deposit 
of white needles of phthalanil (melting 
point 207° C.) is formed. When present as 
an atmospheric contaminant, phthalic an- 
hydride may be absorbed in dilute sodium 
hydroxide solution and titrated, provided it 
is the only acid contaminant, or it may be 
separated as lead phthalate in alcoholic so- 
lution (6). An indirect method would be re- 
quired in this case, for the lead phthalate 
precipitate usually contains some basic salt. 
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PICRIC ACID 


Characteristics 


Picric acid, 2,4,6-trinitrophenol, C,He:- 
OH (NOz)s, crystallizes from water in bright 
yellow plates which melt at 122° C. and have 
a density of 1.767. Its solubility in water at 
25° C. is 14 grams per liter and 68 grams 
per liter at 100° C. In benzene at 20 ° C., 
the solubility is 53 grams per liter. Picric 
acid is characterized by its bitter taste, 
strong acid properties, its yellow color, and 
its tendency to stain protein material yel- 
low. It is considerably ionized in aqueous 
solution approaching the mineral acids in 
acidity and ability to form metallic salts or 
picrates. The salts of picric acid crystallize 
well and several of them, such as the am- 
monium and potassium salts, are difficultly 
soluble in water. These salts explode if 
struck when dry. The iron, nickel, and chro- 
mium picrates are very sensitive to impact 
and are used as detonators. Lead picrate 
is even more dangerous as it is sensitive to 
both heat and shock. Ammonium picrate is 
less sensitive to shock than picric acid and 
is free from the disadvantage the latter has 
of forming explosive metal salts in contact 
with metallic substances. Since it has a high 
melting point (270° C.), it cannot be used 
for shell filling by casting but is used as a 
charge for armor-piercing shells where it 
explodes under detonation after the shell 
has penetrated. Picric acid is made by the 
nitration of phenol which has previously 
been treated with sulfuric acid to form 
phenol-sulfonic acid. Ammonium picrate is 
formed by neutralizing picric acid with am- 
monia. The acid unites readily with a num- 
ber of organic substances and is therefore 
very useful in their identification. 


Industrial Uses 


Picrie acid, though used extensively as a 
military explosive, has the serious disad- 
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vantage that it corrodes the metal surfaces 
of shells with the formation of highly sensi- 
tive metallic derivatives. The dried picric 
acid is packed into shells or it is melted with 
an added substance to lower the melting 
point. Since picric acid stains proteins yel- 
low, it is used as a bright yellow dye for silk 
and wool in the textile industry. It is the 
starting point in the manufacture of nigro- 
sine and indulene dyes and is also used in 
medicine as an astringent and germicide and 
in the treatment of burns. Picric acid is used 
in the manufacture of matches and in the 
leather industry, as well as a textile mor- 
dant. It is also used as a chemical reagent. 


Toxicity 

Exposure in industry is by skin contact 
or by inhalation of the dust of picric acid or 
its salts. The toxicology is of practical im- 
portance especially in the manufacture of 
munitions. Skin contact with the dry powder 
of picric acid or ammonium picrate powder 
causes sensitization dermatitis among work- 
ers exposed to it (Schwartz). The face is 
usually involved especially around the 
mouth and sides of the nose. There are 
edema, papules, vesicles, and, finally, des- 
quamation (1). The systemic poisoning fol- 
lowing the absorption of picric acid causes 
symptoms of headache, vertigo, nausea, 
vomiting, and diarrhea. Yellow coloration of 
the skin and conjunctiva may occur and 
there may be darkened or port wine colored 
urine and albuminuria. Toxic doses cause 
destruction of the erythrocytes and produce 
gastroenteritis, hemorrhagic nephritis, and 
acute hepatitis. Part of the picric acid may 
be excreted unchanged in the urine, but most 
of the picric acid is converted into picramic 
acid which is then excreted in the urine and 
may be revealed by Le Methonard’s test for 
picramic acid. Sunderman and his associates 
(2), after study of a small selected group of 
workers in an ammonium picrate plant, 
found that the most common health problem 
was dermatitis. Upper respiratory disease 
was negligible and systemic toxicity was not 
recognized among the workers. However, ex- 
perimental animals severely exposed to am- 
monium picrate dust showed definite injury 
to certain tissues. Brown granular deposits, 
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presumably picrate, were found widespread 
particularly in the lungs, liver, heart muscle,. 
kidney, and circulating blood. Sunderman 
and his associates (2) found that dermatitis 
developed only among workers least exposed. 
to ammonium picrate dust, which lends sup- 
port to the opinion that desensitization or 
adaptation may occur following exposure 
similar to that occurring with tetryl. An in- 
teresting case of mass poisoning from in- 
gested picric acid reported in 1946 occurred 
at a naval anchorage in Japan in which 
naval personnel were poisoned following the 
ingestion of drinking water containing picric 
acid as an impurity (3). Picric acid dumped 
near the naval anchorage at Wakayama was 
pumped into a ship’s still and was carried 
over with the vapor phase into the fresh 
water supply inducing hematuria among 
those drinking the water. No maximum al- 
lowable concentration value for picric acid 
dust has been established. 


Analysis 


Air samples containing the dust of picric 
acid or ammonium picrate may be collected 
in impingers containing ethy] alcohol as the 
collecting medium. In the method of Sunder- 
man and his associates (2) for the quantita- 
tive determination of ammonium picrate in 
atmospheric samples, the alcoholic solution 
of the collecting medium was made up to 
a definite volume and directly read in a 
Klett-Summerson photoelectric colorimeter 
fitted with a blue filter for maximum trans- 
mission at 420 millimicrons. Picric acid on 
reduction by ammonium sulfide in alcohol or 
by zine dust in ammonium hydroxide’yields 
4:6-dinitro-2-aminophenol (picramic acid) 
having a melting point of 168° C. With phos- 
phorus pentachloride, picric acid yields pic- 
ry! chloride, melting point 83° C. Picric acid 
also forms addition compounds with ben- 
zene, melting point 84° C. and with naph- 
thalene, melting point 149° C 
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PIPERONYL BUTOXIDE 


Characteristics 


Piperony! butoxide, 6(propyl piperony]) - 
buty]1 carbityl ether, 3 ,4-methylenedioxy-6- 
propylbenzyl butyldiethylene glycol ether, 
is a substance that was introduced as a syn- 
ergistic agent for the pyrethrins. According 
to Wachs (1) it may be synthesized by re- 
acting the chloromethy! derivative of dihy- 
drosafrole with the sodium salt of mono-n- 
butyl ether of diethylene glycol. 


Uses 


Piperony] butoxide increases the toxic ef- 
fect of pyrethrins and increases the length 
of time that the insecticides remain effective. 
Although there is no evidence of combina- 
tion of the two insecticides, their association 
has proved particularly effective against a 
variety of insects. 

Toxicity 

Piperonyl butoxide has been shown to 
have a relatively low order of toxicity 
against warm-blooded animals. The LDs50 
dose for rats has been variously estimated 
as ranging from 7,500 to 12,800 milligrams 
per kilogram of body weight. Technical pi- 
peronyl butoxide with 80 per cent of the 
pure substance was applied to the eyes and 
skin and administered by stomach tube to 
rats, rabbits, cats, and dogs by Sarles, Dove 
and Moore (2) with results indicating that 
the substance was not markedly toxic nor 
were solutions of it irritating to the skin. 
Sarles and Vandegrift (3) investigated the 
chronic oral toxicity of piperonyl butoxide 
by feeding large doses of this substance to 
rats and dogs. Doses of 10,000 to 25,000 
parts per million caused anorexia and wast- 
ing. There was no evidence of cumulative 
effects with moderate dosage, nor of car- 
cinogenic activity. The safe human tolerance 
for chronic ingestion of piperonyl butoxide 
was estimated to be 42 parts per million in 
all the food eaten. 
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THE PROPYL ACETATES 


Characteristics 


n-Propyl acetate, CH;COO-C3H;, is a 
clear, colorless liquid which boils at 101.54° 
C. (1), has a density p 20/4 of 0.88286, and 
an index of refraction n 20/p of 1.38468. At 
16° C., 1 part of n-propyl acetate is soluble 
in 60 parts of water. The flash point is 12° 
C. It is soluble in alcohol and ether. 

Isopropyl acetate, CH;COOCH(CHs)>, 
is also a colorless, aromatic liquid which 
boils at 88.9° C., freezes at —73.4° C., has a 
density p 25/4 of 0.8690, and an index of 
refraction n 25/p of 1.3740. It is miscible 
with most of the common organic solvents, 
has a mild odor, a flash point of 16° C., and 
vapor pressure of 47.5 millimeters of mer- 
cury at 20° C. 

The propyl! acetates are formed by react- 
ing the n- or isopropyl! alcohol with acetic 
acid in the presence of catalysts. 


Industrial Uses 


The propyl] acetates find extensive use as 
solvents for nitrocellulose and a wide range 
of cellulose derivatives, as well as natural 
and synthetic resins. They are used in the 
manufacture of lacquers, plastics, synthetic 
perfumes, and in organic synthesis. 2so- 
Propy! acetate was placed on the market in 
1932 as a substitute for ethyl acetate in the 
lacquer industry. It is somewhat superior 
to the latter with regard to blushing and 
flowing properties for it evaporates about 
17 per cent more slowly than ethyl] acetate. 
It has a lower tolerance for toluene and pro- 
duces nitrocellulose solutions of appreciably 
higher viscosities than ethyl acetate (2). 
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Toxicity 

Browning (3) states that from animal ex- 
periments it appears that n-propyl acetate 
has a moderately irritative effect on mucous 
membranes only a little stronger than that 
of ethyl acetate, a narcotic effect rather 
stronger than that of methyl or ethyl ace- 
tate, but a lethal effect less than these two 
substances. In a long-continued nonnarcotic 
concentration, n-propyl acetate produces 
respiratory irritation and, according to 
Flury and Wirth (4), some liver injury. The 
after-effects are slight with quick recovery 
from even deep narcosis. With repeated in- 
halation there is definite habituation. The 
symptoms noted are sleepiness, fatigue, 
slight stupefaction, and retarded respiration. 
The vapors of the esters of organic acids on 
absorption, and probably to some extent on 
surface tissues as well, are largely hydro- 
lyzed, with the liberation of the acid and the 
primary alcohol. Since the acetate can be 
tolerated in comparatively high concentra- 
tions with slight irritation, the presence of 
the alcohols formed in the body raises the 
point of chronic poisoning (5). While ex- 
perimental inhalation of rather high con- 
centrations of the propyl acetates have been 
shown to produce irritation and narcosis and 
in certain cases death, no permanent indus- 
trial injury has been caused in workmen ex- 
posed to these acetates. However, Baldi (6) 
has found that in man exposure to 20 to 60 
milligrams per liter causes within 1 week 
conjunctival irritation, a feeling of oppres- 
sion of the chest, and cough. Recovery is 
prompt with cessation of exposure to the 
ester. The isopropyl! acetate has been shown 
to have slightly less narcotic potency than 
the n-propyl acetate (7). 


Analysis 


On hydrolysis with alkali, the propy] ace- 
tates yield propyl or isopropyl alcohol and 
acetic acid. This reaction can be used to 
advantage in the determination of the ace- 
tates as aerial contaminants, in the absence 
of acid fumes or other esters by absorbing 
a large sample in alcohol containing a known 
amount of standard alkali, refluxing, and 
back-titrating with standard acid. 


INDUSTRIAL TOXICOLOGY 


REFERENCES 


. Wojciechowski, M., and Smith, E. R.: Boiling 
points and densities of acetates of normal ali- 
phatic alcohols. J. Research Natl. Bur. Stand- 
ards 18: 499 (1937). Research Paper No. 989. 

2. Mattiello, J. J.: Protective and Decorative Coat- 
ings. I. Raw Materials for Varnishes and Ve- 
hicles. John Wiley and Sons, Inc., New York, 
1941, p. 709. ; 

3. Browning, E.: Toxicity of Industrial Organic 

Solvents. Chem. Publ. Co., New York, 1938, p. 


276. 

4. Flury, F., and Wirth, W.: Zur Toxikologie der 
Losungsmittel. Arch. Gewerbepathol. Gewer- 
behyg. 6: 24 (1933). ; 

5. Henderson, Y., and Haggard, H. W.: Noxious 
fiasens Reinhold Publ. Corp., New York, 1943, 


_ 


p. 222. 
-6. Baldi, G.: Pathology caused by industrial ex- 


posure to amyl, butyl, and propyl acetate. 
Med. lavoro 44: 469 (1953). 

7. Fiihner, H.: Die Wirkungsstirke der Narkotica. 
Biochem. Z. 120 141 (1921). 


n-PROPYL ALCOHOL 


Characteristics 


Normal propy! alcohol, propanol-1, CHs: 
CH2CH2OH, is a colorless liquid with a 
strong alcoholic odor. It is miscible with wa- 
ter with which it forms a binary constant 
boiling mixture (boiling point 87.72° C.) 
containing 71.69 per cent by weight of the 
alcohol. n-Propy] alcohol boils at 97.15° o. 
melts at —126° C., has a density p 25/4 of 
0.79957, and index of refraction n 20/p of 
1.38499. This alcohol, which was discovered 
by Chancel in 1853 in crude fusel oil, may 
be obtained from the latter by fractiona- 
tion. n-Propyl alcohol is also obtained in 
appreciable amount as a by-product in the 
synthesis of methanol. 


Industrial Uses 


n-Propyl alcohol is a solvent but is not 
apparently of great practical importance. It 
is used as a solvent for nitrocellulose, gums, 
resins, and cellulose esters, and to some ex- 
tent as a disinfectant (1). 


Toxicity 

Browning (2) concludes that the general 
toxicity of normal propyl alcohol is slight, 
that it is somewhat more toxic that 1s0- 
propyl alcohol if judged by injection into 
animals but less narcotic when inhaled. Leh- 
mann and Flury (3) found that mice be- 
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came giddy, showed incoordination, and be- 
came prostrated after 14 to 2 hours in an 
atmosphere containing 0.3 per cent normal 
propyl! alcohol and were in a state of deep 
narcosis after 10 hours in a 0.4 per cent at- 
mosphere. However, there were no recog- 
nizable after-effects. No ill effects from the 
use of normal propyl alcohol in industry 
have been recorded nor has any maximum 
allowable concentration value been estab- 
lished. 


Analysis 


In the absence of other alcohols, as little 
as 1 milligram of n-propyl alcohol may be 
detected by the xanthate reaction (4). p- 
Nitrophenylacetyl chloride is used for the 
identification of this alcohol. The ester 
formed melts at 36.5° C. (5). With furfural 
in the presence of sulfuric acid, normal pro- 
py! alcohol gives a violet color. No quanti- 
tative method for the determination of nor- 
mal propy! alcohol as an aerial contaminant 
is available. In the absence of other solvents, 
adsorption of the vapor on activated char- 
coal or silica gel is suggested. 
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isoPROPYL ALCOHOL 


Characteristics 


isoPropy! alcohol, propanol-2, secondary 
propyl] alcohol, (CHs) 2CHOH, is a colorless, 
clear, mobile liquid with a slight odor re- 
sembling acetone. It is miscible in water, 
alcohol, and ether, boils at 82.4° C., melts 
at —89.5° C., has a density p 20/4 of 0.78507, 
and an index of refraction n 20/p of 1.37927. 
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Since 1919, it has been made from propylene 
which is available as a by-product in the 
cracking of heavy petroleum hydrocarbons. 
The propylene is dissolved in sulfuric acid 
and the acid ester so formed is hydrolyzed to 
yield the corresponding propy] alcohol. iso- 
Propy! alcohol may be salted out from aque- 
ous solution by potassium carbonate or po- 
tassium fluoride. On oxidation with chromic 
acid, zsopropyl alcohol yields acetone and 
when treated with iodine in alkaline solu- 
tion, it rapidly yields iodoform, melting 
point 119° C. Refluxed with hydrogen iodide, 
it yields isopropyliodide, boiling point 89° 
C., and when tested with resorcinol and sul- 
furic acid, it gives an amber ring. 


Industrial Uses 


During the year 1954, 858,682,000 pounds 
of isopropyl alcohol were produced in the 
United States. Of that produced in 1945, 
69.8 per cent was allocated for use in the 
manufacture of acetone, 3.3 per cent for the 
manufacture of tsopropyl acetate, and 25.3 
per cent for such technical uses as rubbing 
alcohol, de-icing and anti-freeze, technical 
coatings, solvents, cleaners and blends, and 
such miscellaneous applications as textile 
processing, drugs, cosmetics, plastics, and 
resins. 


Toxicity 


In general, the physiological properties of 
isopropyl alcohol are somewhat similar to 
those of ethyl alcohol, the action of signifi- 
cant doses on the sympathetic nervous sys- 
tem being first depressant and later paraly- 
tic (1). In three cases of zsopropyl alcohol 
intoxication McCord et al. (2) found that 
while its action is very similar to that of 
ethyl alcohol, coma occurs at lower blood 
concentrations of isopropyl alcohol. How- 
ever, salivation, retching, and vomiting are 
somewhat less frequent with ethyl alcohol 
than with zsopropyl alcohol. The approxi- 
mate lethal dose as determined on several 
species of animals is approximately half that 
of ethyl alcohol. Delayed toxic effects are 
not observed and the results of chronic in- 
toxication may be interpreted as argument 
against the production of a harmful inter- 
mediary metabolite. Boughton (3) deter- 


328 


mined by long-term rat feeding experiments, 
and also by external application experi- 
ments, that isopropy] alcohol is only slightly 
more toxic than ethyl alcohol when taken 
internally and that neither produces harm- 
ful effects externally. The lethal dose ob- 
tained by intravenous injection in animals 
has been found to be 3.2 grams for isopropyl 
alcohol as against 1.6 grams for n-propy] al- 
cohol. Inhalation of the fumes of n-propyl 
alcohol causes some narcosis but no symp- 
toms of after-effects have been found in the 
exposed animals (4). No cases of industrial 
poisoning from this substance have been re- 
ported. In man, concentrations of 400 parts 
per million produce mild irritation of the 
eyes, nose, and throat, and at 800 parts per 
million the effects are not severe but most 
individuals find the atmosphere unsuitable 
for breathing (5). 


Analysis 

On warming with iodine and sodium car- 
bonate solution, isopropyl! alcohol yields io- 
doform, melting point 119° C. When warmed 
with concentrated HCl, it yields the chloride, 
boiling point 36° C. The carbanilate melts 
at 90° C.; the p-nitrobenzyl phthalate at 
74° C. tsoPropy] alcohol may also be identi- 
fied by the formation of its derivative iso- 
propyl 3,5-dinitrobenzoate (melting point 
122° C.). With furfural in the presence of 
sulfuric acid, isopropyl alcohol gives a red- 
violet color. However, the latter test is not 
specific and may be confused by the response 
of other alcohols when present. isoPropyl 
alcohol can be detected by the orange color 
produced by guaiacoldialdehyde (4-hy- 
droxy-5-methoxyisophthalaldehyde) test 
(6). When present in sufficient amount, 2s0- 
propyl alcohol may be determined quanti- 
tatively by the iodine titration method (7 rs 
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isoPROPYL BENZENE 


Characteristics 


isoPropyl benzene, cumene, CgH;CH- 
(CHs)s, boils at 152.5 C., melts at —96.2° C., 
has a density p 20/4 of 0.8633, and an index 
of refraction of n 20/p of 1.49157. It is a 
colorless liquid, insoluble in water but solu- 
ble in alcohol, carbon tetrachloride, ether, 
and benzene. isoPropyl benzene, one of the 
higher homologues of the benzene series, is 
one of fourteen aromatics isolated by the 
National Bureau of Standards from the gas- 
oline fraction of petroleum. These are all 
alkyl derivatives of benzene. On oxidation 
with dilute nitric or chromic acids, isopropyl 
benzene yields benzoic acid. Furthermore, on 
nitration with subsequent reduction with 
nascent hydrogen and acetylation, it yields 
4-acetylamino-1l-isopropyl benzene, which 
crystalizes in glistening flakes from hot wa- 
ter or alcohol and has a melting point of 106° 
C. isoPropyl benzene can be prepared syn- 
thetically from either n-propyl bromide or 
isopropyl bromide, both of which yield tso- 
propyl benzene with benzene in the presence 
of aluminum chloride. Usually, however, it 
is obtained by fractionating petroleum. 


Industrial Uses 


tsoPropyl benzene has become an impor- 
tant constituent of high octane aviation fuel 
which is now produced in quantity. It has, 
however, other important uses. Higher 
yields of styrene are obtained by cracking 
tsopropyl benzene than from the dehydro- 
genation of ethylbenzene, but demands for 
isopropyl benzene in high octane gasoline 
have precluded its use for that purpose (1). 
It is commonly used as a solvent and in 
organic synthesis, 
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Toxicity 

The acute effects of cumene vapors in 
mice as investigated by Werner and his as- 
sociates (2) show that both pure cumene and 
the cumene fraction of petroleum have a 
potent narcotic action characterized by a 
slow induction period and long duration. It 
is depressant to the central nervous system 
and the minimal lethal concentration for 
mice was found by these investigators to be 
2,000 parts per million. Although the toxic 
effects develop slowly, they are produced by 
relatively low concentrations as shown by 
the LD;» concentration for cumene, toluene, 
and benzene in milligrams per liter which are 
respectively: 10.0, 19.9, and 33.1. However, 
as a potential industrial hazard when the 
volatility of the homologues is considered, 
acute hazards from cumene would be com- 
paratively low or at least they could be con- 
trolled with less difficulty than hazards from 
benzene or toluene under ordinary condi- 
tions of temperature and pressure. The long 
duration of action of cumene, as indicated 
by a slow rate of elimination, suggests that 
precautions against possible cumulative ef- 
fects be considered. The toxicology of iso- 
propyl benzene was studied by Fabre and 
his associates (3) as a possible replacement 
for benzene as an industrial solvent. In gen- 
eral isopropyl benzene appears to be more 
toxic to the rat than benzene or toluene. 
Chemical examination of the tissues of ex- 
posed rats and rabbits showed that isopropyl! 
benzene is localized in the bone marrow, the 
cerebellum, the spleen, and the adrenals. 
Histological examination of the tissues 
showed a slight passive congestion of the 
liver, lung, spleen, and adrenals. 


Analysis 

While isopropyl benzene can be deter- 
mined when mixed with air in concentrations 
of several milligrams per liter by means of 
an interferometer, lower concentrations are 
more difficult to measure. Silica gel or acti- 
vated charcoal adsorption tubes can be used 
for this purpose. Known volumes of air can 
also be drawn through a benzene detector 
properly calibrated for isopropyl benzene 
and its hydrocarbon content thus be deter- 
mined. Fabre (3) has devised a photometric 
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method for the determination of isopropyl 
benzene in biological material based on the 
color reaction with methyl] ethyl ketone in 
an alkaline medium after removal from the 
tissues and subsequent nitration. 
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isoPROPYL ETHER 


Characteristics 


tsoPropyl ether, diisopropyl _ ether, 
(CH3) 2CHOCH (CHs)s, is a colorless liquid 
of ethereal odor which boils at 67.5° C., 
melts at —60° C., has a density p 20/20 of 
0.7247, and a refractive index n 23/p of 
1.3678. It is miscible with most organic sol- 
vents but is only slightly soluble in water 
(0.2 per cent). In many of its properties, it 
it similar to ethyl ether but it has a higher 
boiling point, evaporates more slowly, and 
is less soluble in water. Ditsopropy] ether is 
derived as a by-product in the production 
of zsopropy] alcohol from the propylene frac- 
tion of cracked gasoline by means of sulfuric 
acid and is also obtainable in a yield of 
about 50 per cent by the action of sulfuric 
acid on isopropy] alcohol. 


Industrial Uses 


The value of diisopropyl ether in the war 
program is shown by its increase in pro- 
duction—5,349,000 pounds in 1942 which in- 
creased to 10,489,000 pounds in 1943. Pro- 
duction had dropped to 3,267,000 pounds in 
1954. Diisopropyl ether is of value in the 
blending of aviation motor fuel because of 
its high anti-knock rating. In formulating 
high-octane gasolines, it is said than an 
anti-knock rating of 100 can be obtained 
when 40 per cent of isopropyl ether is 
blended with ordinary gasoline. A saving of 
fuel of 15 per cent and a gain in power of 30 
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per cent is thus claimed. Diisopropy] ether is 
used in the extraction of acetic acid from its 
aqueous solution and as a solvent in the 
dewaxing of oils and deoiling of waxes: It 
is also used in rubber cements and as a var- 
nish remover. 


Toxicity 

Machle and his associates (1) studied the 
physiologic response to isopropyl ether fol- 
lowing oral administration, as well as the 
inhalation of isopropyl ether vapor in vari- 
ous concentrations. The ingestion of 1s0- 
propyl! ether causes a rapid, intense intoxi- 
cation similar to that of diethyl ether. 
Failure of respiration caused by its depres- 
sant action was the cause of early death 
from this substance, while one late death 
resulted from irritation of the intestinal 
tract from this material. The concentration 
of 6 per cent of diethyl ether by volume was 
rapidly fatal to several species of animals, 
while 3 per cent caused no deaths but pro- 
duced a light, incomplete form of anesthesia. 
One per cent isopropyl ether vapor in air 
caused mild intoxication in a monkey on 
inhalation but had no effect on rabbits or 
guinea pigs. By volume, 0.1 per cent and 
0.03 per cent isopropyl! ether did not notice- 
ably affect rabbits and monkeys exposed for 
20 periods of either 2 hours or 3 hours in 
duration. Although no characteristic patho- 
logical changes were found in animals ex- 
posed to 3 per cent tsopropyl ether which 
lived for some weeks after exposure, animals 
exposed to fatal concentrations showed spe- 
cific pathological lesions. No ill effects were 
noted following the application of isopropyl 
ether to the skin of rabbits. 


Analysis 


No general method has been devised for 
the analysis of air samples containing low 
concentrations of ditsopropy] ether, such as 
found in the atmosphere of work shops and 
factories. The concentrations of diisopropyl 
ether investigated by Machle and his asso- 
ciates were, however, satisfactorily deter- 
mined by means of the Zeiss interferometer 
and also by a slow combustion method. 
Samples were also analyzed by a chemical 
method utilizing the oxidation of diisopropy] 
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ether by means of standard potassium di- 
chromate. This method was satisfactory for 
the range investigated. 
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PYRIDINE 


Characteristics 
Pyridine, CsH;N, 


N 


is a practically colorless liquid, basic sub- 
stance having a sharp, penetrating odor. It 
is an heterocyclic compound in which nitro- 
gen has displaced one carbon and a hydrogen 
of benzene in the benzene ring. It has a 
boiling point of 115° C., melting point of 
—42° C., density p 15/4 0.9893, and index 
of refraction n 21/p 1.50919. Pyridine occurs 
in coal tar, bone oil, and in many vegetable 
distillation products, including tobacco 
smoke. It is a very weak base and does not 
color litmus. It can be extracted together 
with some of its homologues from the lower- 
boiling fraction of tar distillates after re- 
moval of the tar acids by agitation with 
sulfuric acid in which they dissolve. Pyridine 
may be prepared in the pure state from the 
pyridine-carboxylic acids by distillation 
with lime. Pyridine is soluble in water and in 
alcohol and ether. Certain pyridine deriva- 
tives have been proposed for use as insecti- 
cides, such as benzylpyridine and a-p-tolyl- 
pyrrolidine. However, the toxicity of these 
substances has been found to be low and far 
less than that of nicotine (1). Certain homo- 
logues of pyridine having the general form- 
ula CnaHon_sN, such as the piccolines, luti- 
dines, collidines, and parvolines, are of 
minor industrial importance and are there- 
fore of very little industrial toxicological 
interest. Pyridine is an important starting 
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material for the synthesis of nicotinic acid 


COOH 


N N 


which is now widely recognized as an ac- 
cessory dietary factor in the disease known 
as pellagra. 


Industrial Uses 


During 1945, 480,676 gallons of refined 
pyridine were produced as a coke oven by- 
product in the United States. Somewhat 
more than 42 per cent of the purified pyri- 
dine was used in the manufacture of vita- 
mins, 21.8 per cent for sulfa drugs, 12.7 per 
cent in the rubber industry, and 6.9 per cent 
for water repellents. Production amounted 
to 884,000 pounds in 1954. Pyridine is also 
used in the manufacture of other medicinals, 
disinfectants, and dyestuffs, and as a de- 
naturant for alcohol, as well as a paint and 
rubber solvent. 

Toxicity 

The immediate effects of inhalation of 
pyridine in man are flushing of the face, 
quickening of the pulse and respiration, tem- 
poral headache, tendency to giddiness, nau- 
sea, vomiting, and nervousness. After giving 
pyridine to five patients with epilepsy, Pol- 
lock and his associates (2) report that two 
patients receiving 30 to 40 minims a day 
for periods up to a month later showed 
marked toxic effects. In both instances, the 
effects were those of hepato-renal disease. 
Death followed in one case; the other case 
recovered. Meyer (3) describes a case of 
industrial exposure to pyridine of 13 years’ 
duration, following which the victim showed 
signs of nervousness, insomnia, giddiness, 
pain, weakness of the limbs. These signs 
and symptoms were followed by sudden 
anuria owing to paralysis of the bladder. 
Treatment with thiamin produced consider- 
able improvement and Meyer considers that 
pyridine possibly acts as an anti-vitamin 
agent. ; 

While pyridine has a powerful drying ac- 
tion on the skin and has been stated to 
cause dermatitis (4), its toxicity is not very 
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great. In fact, a 10 per cent solution has 
been used medicinally by atomizer applica- 
tion for the treatment of asthma and bron- 
chitis. The fumes are irritating to mucous 
surfaces causing eye and nasal irritation and 
coughing. When ingested, it affects the cen- 
tral nervous system and tends to produce 
dyspnea and shallow respiration. Large 
doses act as a heart poison, while smaller 
doses stimulate the bone marrow to in- 
creased production of blood platelets. The 
nauseating odor of pyridine probably acts 
as a sufficient warning agent where workers 
are exposed to the fumes of this material. 


Analysis 


Pyridine readily combines with a number 
of substances useful for its identification. 
The picrate melts at 167° C.; the methiodide 
at 117 °C.; and the ethiodide at 90 °C. With 
chloroacetic acid, pyridine forms an addition 
compound having a melting point of 202° C. 
With 2,4-dinitrochlorobenzene, pyridine 
gives a purple color on the addition of dilute 
sodium hydoxide solution. Pyridine forms 
insoluble coordination complexes with the 
thiocyanates of a number of metals, such as 
copper, zinc, cobalt, and manganese. The 
copper-thiocyanate-pyridine complex is sol- 
uble in chloroform, to which it imparts a 
green color. As an aerial contaminant, py- 
ridine may (in the absence of interfering 
substances) be determined by drawing a 
known volume of the air through a measured 
amount of standardized nonvolatile acid, 
such as sulfuric acid, in a fritted glass 
bubbler and back-titrating with standard- 
ized alkali. According to Hofmann (5), as 
little as 0.01 milligram of pyridine per liter 
of air can be determined by absorbing the 
pyridine from a 10-liter air sample in 50 to 
100 milliliters of normal sulfuric acid and 
determining the absorption by spectral anal- 
ysis at 2,550 Angstrom units. Ammonia does 
not interfere. 
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PYRROLE 


Characteristics 
Pyrrole, divinylenimine, imidole, azole, 


is a colorless liquid with an odor character- 
istic of chloroform. Its boiling point is 130 to 
131° C. at 761 millimeters, density p 20/4 
0.9691 and index of refraction n 20/p 1.5085. 
It is readily soluble in alcohol and in ether 
and is soluble in water to the extent of 8 
grams per 100 cubic centimeters of water at 
25° C. Pyrrole is found in coal tar, bone oil, 
and in the distillate from bituminous shales. 
It is a very weak base and in fact exhibits 
a somewhat weakly acidic character in that 
it forms metallic salts, the imino hydrogen 
being replaced by potassium when metallic 
potassium is dissolved in pyrrole or when 
pyrrole is heated with solid potassium hy- 
droxide, the potassium salt separating out 
as a crystalline mass. Pyrrole is a very re- 
active substance and a number of unusual 
compounds are obtainable by condensation, 
substitution, or ring expansion reactions. In 
many respects it exhibits aromatic prop- 
erties but behaves more like phenol than 
like benzene and does not increase the out- 
put of ethereal sulfates when administered 
to animals. Strong acids resinify it rapidly. 
In dilute acids it dissolves slowly and the 
solution when warmed precipitates an amor- 
phous powder of varying composition, called 
pyrrole red, with some liberation of am- 
monia. 


Uses 


While pyrrole has practically no technical 
application of itself, it is a valuable chemical 
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intermediate, particularly in the manufac- 
ture of drugs. For instance, its iodo deriva- 
tive, CyI,NH, a yellow solid formed by the 
reaction of pyrrole with iodine and an alkali, 
is an important antiseptic, acting much like 
iodoform, but has the advantage of being 
odorless. 


Toxicity 


The physiological response to pyrrole is 
not remarkable. It causes hypothermia in 
rabbits (1), the minimum antipyretic dose 
being 0.0005 gram mole per kilogram of 
body weight. Death following large doses is 
accompanied by acute emphysema and pul- 
monary stasis. Hemorrhagic engorgement of 
the liver is occasionally seen. According to 
Rabbeno (2) pure pyrrole does not show 
the properties of a true anesthetic. Large 
doses paralyze frogs and weaken the re- 
sponse of the central nervous system in the 
mouse without raising the excitability of the 
motor cells. Small doses in the rabbit first 
stimulate and then paralyze the entire cen- 
tral nervous system, while large doses pro- 
duce rigidity of the extensor muscles (3). 
There appears to be some confusion con- 
cerning the metabolites formed following 
the administration of pyrrole. According to 
Shimizu (4) the injection of an aqueous 
suspension of pyrrole into dogs is followed 
by its elimination in the urine as methyl- 
pyridine. However the transformations in 
the body and the excretion products in the 
urine are somewhat in question. Novello (5), 
for instance, found that pyrrole in rabbits 
is excreted in the urine partly as urea and 
partly unchanged, while Kusui (6) states 
that no free base could be isolated from the 
urine following subcutaneous injection. Pyr- 
role appears to accelerate the oxidation of 
amines and certain non-natural isomers of 
the amino acids (7). The intraperitoneal 
administration of pyrrole in dogs produces 
epileptic seizures finally leading to death 
(8). This rather severe type of administra- 
tion produced injury to the liver which could 
be demonstrated histologically and the sei- 
zures were produced only when the pyrrole 
was absorbed via the portal system. No 
cases of intoxication or disability have been 
reported with reference to pyrrole following 
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industrial exposure to its vapor, or as the 
result of skin contact, and there is nothing 
based upon previous experience to indicate 
‘that ordinary exposure to pyrrole would 
prove especially hazardous. 


Analysis 


Pyrrole develops a fiery red color (whence 
its name) in a pine splint moistened with 
hydrochloric acid. Salkowski’s colorimetric 
method of analysis (9) is based upon the 
color pyrrole develops with p-dimethyl- 
aminobenzaldehyde. More recently Guest 
and McFarlane (10) have developed a 
method for the determination of small 
amounts of pyrrole in biological material in 
which the indigo-blue color pyrrole gives 
with isatin is utilized for colorimetric com- 
parison with known amounts of pyrrole. 
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QUINONE AND HYDROQUINONE 


Characteristics 
Quinone, p-benzoquinone, 


is a crystalline solid with a peculiar charac- 
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teristic irritating odor suggesting chlorine. 
It melts at 115.7° C., sublimes easily, has 
a specific gravity of 1.307 to 1.318 at 20° Cs 
and at 5.3° C. has a vapor pressure of 1.52 
x 10° millimeters of mercury. It is not 
very soluble in water, but dissolves in al- 
cohol and ether and is volatile in steam. 
Quinone is unstable in neutral or alkaline 
aqueous solution. The decomposition is 
photosensitive, occurring much more readily 
when the solution is exposed to light. Qui- 
none is prepared from aniline which, on 
treatment with potassium dichromate and 
sulfuric acid, is oxidized through various 
oxidative stages to quinone. 

Hydroquinone, quinol, hydrochinone, 1 , 4- 
dihydroxybenzene, CgH,(OH)s, is crystal- 
lized from water in the form of white hex- 
agonal prisms. It has a specific gravity of 
1.358 at 20° C. and a boiling point of 286° 
C. The melting point of the purified product 
is 171° C. and of the commercial product, 
168 to 169° C. Hydroquinone is readily solu- 
ble in alcohol and ether and soluble in water 
to the extent of 73 grams per liter of water 
at 25° C. It is readily oxidized to quinone 
by nitric acid, the halogens, and persulfates, 
and in alkaline solution by oxygen. It is 
oxidized by Fehling’s solution in the absence 
of air and is an inhibitor of the oxidation 
of a number of substances, such as alde- 
hydes and sulfite solutions. Silver salts are 
rapidly reduced by it even at ordinary tem- 
perature. Hydroquinone occurs in many 
plants as the glucoside arbutin and is made 
synthetically by the reduction of quinone. 


Industrial Uses 


Quinone is an intermediate in the manu- 
facture of hydroquinone and dyes and is 
used in tanning (quinone leather). Hydro- 
quinone is extensively used as a photo- 
graphic developer and as a dye intermediate, 
and is the base for an increasing number 
of chemical syntheses. It is an antioxidant 
and stabilizing agent for preventing dete- 
rioration of fats, oils, and resin monomers. 


Toxicity 
Sterner, Oglesby, and Anderson (1) sum- 


marize the clinical findings from some 50 
cases of eye injury occurring in a group of 
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workmen exposed to quinone vapor and hy- 
droquinone dust in the manufacture of hy- 
droquinone. Before the recognition of corneal 
injury (1940), the accepted criterion for 
regulating the concentration of quinone va- 
por in the workroom was the discomfort of 
the workman as judged by signs and symp- 
toms of continued eye irritation—conjunc- 
tivitis, photophobia, moderate lacrimation, 
and burning sensation. Later it was found 
that workmen in this industry developed 
corneal injuries of two types: a typical su- 
perficial greenish-brown stain or grayish- 
white opacities varying in size and involving 
all the layers of the cornea. In a few cases 
there has been an appreciable loss of vision. 
The eye stain is probably an end product 
of the oxidation of quinone to hydroxyqui- 
none and the subsequent polymerization of 
this material. In the pure state, hydroxy- 
quinone has a yellow color but the polymer 
is a brownish to black relatively stable ma- 
terial. The corneal opacities probably are 
due to the precipitation of corneal protein 
or a “scarring” effect and develop gradually 
over a period of years. Repeated physical 
examination of these workmen has led to 
the conclusion that exposure to quinone- 
hydroquinone of the order sufficient to pro- 
duce eye injuries is not productive of sys- 
temic effects. The odor of quinone becomes 
perceptible at or just above 0.1 part per 
million; is definite in the region above 0.15 
parts per million; irritating at 0.5 parts per 
million; and markedly irritating at 3.0 parts 
per million. A value of 0.1 parts per million 
was selected by Oglesby and associates (2) 
as a tentative maximum allowable concen- 
tration for quinone vapor. Hydroquinone 
dust, due to its oxidation to quinone in the 
presence of moisture, may be a considerable 
source of atmospheric quinone contamina- 
tion. Since these investigators found the 
relative contribution of quinone vapor or 
hydroquinone dust to the production of the 
lesions difficult to assess, they arbitrarily 
selected a maximum allowable concentration 
value of 2 to 3 milligrams per cubic meter 
as a practical working level for hydro- 
quinone dust. 
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Analysis 

In the analytical procedure for quinone 
as an aerial contaminant used by Oglesby, 
Sterner, and Anderson (2), the air samples 
were taken in the midget impinger with iso- 
propyl! alcohol as the absorbing agent. The 
color developed with phloroglucinol in po- 
tassium hydroxide was compared with 
standards at 520 millimicrons using the 
Evelyn colorimeter. The reproducibility is 
good between 0.1 and 2 micrograms and the 
range is satisfactory for actual factory air 
measurements. 
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STYRENE MONOMER 


Characteristics 
Styrene, vinylbenzene, phenylethylene, 


< _cH=cu, 


is a highly refractive, oily, colorless to yel- 
lowish liquid, having an aromatic odor remi- 
niscent of both benzene and naphthalene. 
Its melting point is —33° C., density p 20/4 
0.9090, and index of refraction n 20/p 1.5463. 
It has a vapor pressure of 4.3 millimeters of 
mercury at 15° C. Styrene boils at 145 to 
145.8° C. The limits of inflammability of 
styrene by volume in dry air are 1.1 per 
cent at a temperature of 29.3° C. and 6.1 
per cent at a temperature of 65.2° C. (1). 
Styrene polymerizes to a glassy mass of 
“metastyrene” on standing, a change which 
is greatly accelerated by light, heat, or a 
drop of sulfuric acid. When styrene is added 
to an acetic acid suspension of sodium thio- 
cyanate and anhydrous copper sulfate, it 
yields styrene dithiocyanate, which crystal- 
lizes from alcohol as white crystals having 
a melting point of 103° C. On oxidation 
with chromic acid, it yields benzoic acid 
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and on hydrogenation with platinum-black 
catalyst it yields ethyleyclohexane. Coal 
tar contains a small per cent of styrene. 
Styrene is one of the reactive unsaturated 
materials present in coal gas which are re- 
sponsible for the troublesome deposition of 
gums in gas mains and meters. Commer- 
cially, styrene is produced from ethylben- 
zene, for which latter substance a variety of 
commercial processes of production exist. 
Ethylbenzene is catalytically dehydrogen- 
ated to styrene at high temperatures. Yields 
of 50 to 80 per cent are thus obtained. Higher 
yields of styrene are obtained by cracking 
isopropyl benzene. Styrene is also produced 
by cracking crude oil. 


Industrial Uses 


Styrene has attained a position of con- 
siderable importance in industry. Produc- 
tion in the United States in 1953 amounted 
to 798,433,000 pounds. The increased manu- 
facture of Buna S rubber, as well as poly- 
styrene plastics, has been principally re- 
sponsible for the increased utilization of this 
substance. The copolymerization of styrene 
and butadiene forms a rubbery substance 
known as Buna §, which is used chiefly for 
the manufacture of tires and other objects 
usually manufactured from natural rubber. 
The increased use of polystyrene plastics is 
attributable to the very favorable properties 
of polystyrene. It is one of the lightest of the 
plastics, has outstanding water resistance, 
and, although thermoplastic, it possesses un- 
usually good dimensional stability at room, 
or slightly higher, temperature. The com- 
mercial grades of polystyrene are clear, 
transparent substances capable of transmit- 
ting 90 per cent or better of white light. 
Polystyrene is an excellent electrical insu- 
lator since it has dielectric properties similar 
to those of fused quartz. 


Toxicity 

While styrene does not represent a serious 
health hazard, an American War Standard 
maximum allowable concentration value of 
400 parts per million was established in 1944 


(2). Spencer and his associates (3) exposed 
rats and guinea pigs to various concentra- 
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tions of styrene up to the maximum concen- 
tration that can be obtained under room 
conditions. At this concentration, which is 
approximately 10,000 parts per million, they 
found that this atmosphere was dangerous 
in from 30 to 60 minutes. The maximum 
concentration which animals could tolerate 
for 60 minutes without serious systemic dis- 
turbance was 2,500 parts per million. Slight 
symptoms were obtained following pro- 
longed exposure at 1,300 to 2,000 parts per 
million and the first symptoms, such as eye 
and nose irritation, followed exposure to 650 
to 1300 parts per million. According to these 
investigators, the extreme eye and nose irri- 
tation produced in man by a concentration 
of 1,300 parts per million affords a definite 
safeguard against acutely hazardous condi- 
tions. 


Analysis 


In determining the concentration of sty- 
rene existing as a contaminant in air, Rowe 
and his associates (4) have adopted a 
method of trapping followed by various pro- 
cedures, either physical or chemical, for 
quantitative evaluation. Carbon tetrachlo- 
ride, carbon disulfide, methanol, or ethanol 
are recommended as trapping fluids depend- 
ing on which method of analysis is followed. 
The quantitative determination of styrene 
dissolved in such solvents may be carried 
out by either ultra violet absorption or by 
infra red absorption with satisfactory ac- 
curacy. However, the nitration method is 
also satisfactory and perhaps more generally 
useful in the average laboratory. Quantities 
of monomeric styrene up to 5 milligrams 
were determined with an accuracy of 0.15 
milligram in 86 per cent of the 78 analyses 
made and the largest error in any instance 
was 0.40 milligram (4). 
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TETRABROMOETHANE 


Characteristics 


Tetrabromoethane, acetylene tetrabro- 
mide, sym-tetrabromoethane, 1,1,2,2- 
tetrabromethane, CHBrz—CHBre, is a 
colorless, somewhat odorous, heavy, very re- 
fractive liquid having a density of p 20/4 
2.964, a boiling point of 151°C. at 54 
millimeters, a melting point of —1.0° C., 
and an index of refraction of n 20/p 1.638. 
It dissolves in water to the extent of only 
0.651 gram per liter at 30° C. but is com- 
pletely miscible with alcohol, ether, chloro- 
form, and aniline. Tetrabromoethane is 
prepared by the interaction of acetylene and 
bromine. Zinc dust and alcohol convert it to 
acetylene dibromide, while benzene and 
aluminum chloride react with it to form an- 
thracene. 


Uses 


Tetrabromoethane is used as a solvent 
and to some extent it is used as a refractive 
index liquid in microscopy. It is an impor- 
tant heavy liquid for the separation of 
mineral suites by geologists (1, 2), since it 
is a heavy liquid, is inexpensive, and is not 
decomposed by ordinary minerals or even 
by the sulfide minerals. 


Toxicity 


Tetrabromoethane is surprisingly less 
toxic than one would anticipate from its 
composition and the behavior of some of its 
congeners. Formerly rated as rather toxic, 
Gray (3) found by animal experimentation 
that it could be classified as moderately 
toxic when ingested. When the vapor of 
tetrabromoethane was administered by in- 
halation the toxicity appeared to be much 
lower. Compared with 214 per cent methyl] 
chloride vapor, exposure to tetrabromo- 
ethane-saturated vapor was much less toxic 
to exposed animals. No accumulative effect 
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was found for repeated short exposures. 
Irish and his associates (4) exposed groups 
of rats, guinea pigs, rabbits, mice and mon- 
keys 7 hours a day, 5 days a week to vapor 
concentrations of tetrabromoethane of 1 to 
5 parts per million for periods of 6 to 62 
months. The growth of the male guinea pigs 
was moderately depressed but growth, mor- 
tality, and gross pathological examination of 
the rats, rabbits, mice, and female guinea 
pigs were without significance. Histopatho- 
logical examination of the tissues of the rats 
revealed slight fatty degeneration in the 
parenchymal cells of the liver and slight 
cloudy swelling of the convoluted tubules of 
the kidneys. Repeated exposure to 1 part per 
million of tetrabromoethane of all types of 
animals was without adverse effect and no 
microscopic changes were found in the tis- 
sues. One part per million was suggested on 
the basis of these experiments as an in- 
dustrial hygiene standard for tetrabromo- 
ethane. 
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TETRACHLOROETHANE 
Characteristics 


i ea I 2-Tetrachloroethane, acetylene tet- 
rachloride, symmetrical tetracloroethane, 
CHCl,-CHCl., molecular weight 167.86, 
boiling point 146.3° C., melting point —43.8° 
C., density p 20/4 1.60, is a colorless liquid. 
The vapor pressure at 20° C. is 11 milli- 
meters of mercury. The refractive index is 
1.4918 at 25° C. It is only slightly soluble 
in water, dissolving to the extent of 0.869 
per cent at 20° C. However, it is completely 
miscible with organic solvents. Tetrachloro- 
ethane vapor is heavy with reference to air, 
since its relative density is 5.8. 1,1,2,2- 
Tetrachloroethane is produced by the addi- 
tion of two mols of chlorine to acetylene 
under controlled conditions, 
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Owing to the fact that there are two 
isomeric substances having the formula 
C2H2Ch, these are frequently confused. The 
symmetrical form described above is desig- 
nated as 1,1,2,2-CHCl2-CHCls, whereas 
the asymmetrical one is indicated as 
1,1,1,2-tetrachloroethane, CCl3-CHe2Cl. 
The asymmetrical tetrachloroethane is a 
colorless liquid having a boiling point of 
129° C. and a density of 1.5825. It does not 
have any extensive industrial use. 


Industrial Uses 


In addition to its excellent properties as 
a solvent, tetrachloroethane has the advan- 
tage of a higher boiling point than many 
solvents in common use. It has proved useful 
as a solvent for lacquers, resins, and waxes, 
in paint and varnish removers, as an insec- 
ticide, in foam fire extinguishers, and in rub- 
ber manufacture. Cellulose acetate dissolved 
in tetrachloroethane was used during World 
War I as a waterproof coating for airplane 
wings. On account of its toxic effects how- 
ever, this application of tetrachloroethane 
was greatly restricted and, in fact, forbidden 
in several countries. The use of tetrachloro- 
ethane collodion (“essence d’orient’’) to im- 
part a nacreous luster to artificial pearls has 
also been forbidden in several countries. 
Workers in this industry are exposed to 
tetrachloroethane not only by inhaling the 
vapor but also in manipulating the liquid 
with their hands. Other applications of tetra- 
chloroethane have been made in the artificial 
silk industry, noninflammable photographic 
film, and in the manufacture of safety glass. 


Toxicity 

Many cases of chronic poisoning by in- 
halation of the vapor of tetrachloroethane 
have been reported. Lehmann (1) has shown 
that tetrachloroethane is the most dangerous 
of all the chlorinated hydrocarbons, being 
about four times as toxic as chloroform and 
nine times as toxic as carbon tetrachloride. 
Industrial intoxication from tetrachloroeth- 
ane arises mainly from absorption of this 
substance through the lungs. Deaths have 
also been recorded from ingested tetrachlo- 
roethane (2). In addition to its defatting 
action on the skin and accompanying der- 
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matitis, it has been shown by Schwander 
(3) that enough tetrachloroethane may be 
absorbed to be detected in the breath and 
to produce complete narcosis and death. 
Tetrachloroethane is largley excreted 
through the lungs but this occurs slowly and 
part of the absorbed material is excreted in 
the urine. As a narcotic poison, it acts more 
slowly than chloroform but the effects are 
more lasting. In addition to the narcotic 
action, tetrachloroethane produces organic 
damage, especially acute yellow atrophy of 
the liver. The hepatic form of the disease has 
been divided into four stages with charac- 
teristic symptoms at each stage. In the ini- 
tial stage there is gastric distress, colic, and 
vomiting. Jaundice with clay-colored stools 
and constipation are found in the second 
stage. Definite toxic symptoms appear in the 
third stage with uremia, somnolence, delir- 
ium, and coma. The fourth stage is char- 
acterized by ascites, violent gastrointestinal 
symptoms, and death. Polyneuritis has oc- 
curred with workers handling this substance 
and may be the direct result of cutaneous 
absorption, since those in the artificial pearl 
industry who were exposed to the vapor 
suffered only from giddiness, while those 
who handled the liquid developed polyneu- 
ritis (4). Chronic poisoning following the 
inhalation of repeated small doses of tetra- 
chloroethane is manifested by nervous symp- 
toms consisting of tremors, headaches, pain 
in limbs, numbness of the extremities, loss 
of knee jerks, and excessive sweating. Blood 
changes also occur before obvious symptoms 
can be detected. It has been suggested that 
an increase of the large mononuclear cells to 
more than 12 per cent should be regarded 
with suspicion (5). The maximum allowable 
concentration for tetrachloroethane vapor 
in the air of workshops is 5 parts per mil- 
lion. 

No investigation has been reported so far 
with reference to the toxicity of asymmetri- 
cal (1,1,1,2-) tetrachloroethane. 


Analysis 


As in the case of other halogenated hydro- 
carbons, the presence of tetrachloroethane 
vapor in air may be detected by the usual 
copper flame test and may be qualitatively 
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evaluated by adsorption on air equilibrated 
activated charcoal or on silica gel. The com- 
bustion apparatus devised by Tebbens (6) 
may be utilized for its quantitative deter- 
mination, and Barrett’s method (7), or the 
sulfur lamp combustion method of Elkins, 
Hobby, and Fuller (8) may be utilized. 
Analytical separation of the two isomeric 
tetrachloroethanes and the relative propor- 
tion of the two substances present in liquid 
form may be accomplished by fractional dis- 
tillation (2). A portable, rugged, and inex- 
pensive combustion apparatus has recently 
been developed for the rapid estimation of 
low concentrations of tetrachloroethane in 
air (9). 
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TETRACHLOROETHYLENE 
Characteristics 
Tetrachloroethylene, perchloroethylene, 


carbon dichloride, or ethylene tetrachloride, 
Cl,C—=CCle, is a colorless, noninflammable 
liquid with a faint ethereal odor. It boils 
at 121° C. and solidifies at about = 22°, ©: 
The density p 25/25 is 1.610 and the index 
of refraction is n 20/D 1.5018. It is almost 
insoluble in water, dissolving only to the 
extent of 0.01 per cent. Its vapor pressure 
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at 20° C. is 58.5 millimeters of mercury and 
its evaporation rate is 28 on the basis of an 
evaporation rate for ether of 100. Tetra- 
chloroethylene is miscible with alcohol, 
ether, benzene, and other organic solvents. 
It is prepared from pentachloroethane by 
removal of hydrogen chloride. 


Industrial Uses 


Tetrachloroethylene has been extensively 
used as a dry-cleaning agent, since its in- 
troduction in the trade in 1934, and as a 
degreasing substance in industry. The pro- 
duction of this substance in 1944 in the 
United States amounted to 75,128,000 
pounds. It has minor uses in the printing 
industry and is used to some extent in or- 
ganic preparations and in solvent mixtures 
for cellulose esters and ethers and synthetic 
rubber. Production in the United States in 
1953 amounted to 152,917,000 pounds. 


Toxicity 


Although tetrachloroethylene has been 
stated to be but slightly toxic (1, 2), it 
should not be regarded as harmless. It is 
undoubtedly true that its toxicity is, in gen- 
eral, less than that of carbon tetrachloride 
(3) and chloroform. However, Barsoun and 
Saad (4) showed that when administered by 
subcutaneous injection, tetrachloroethylene 
proved to be more toxic than carbon tetra- 
chloride. As a narcotic agent, tetrachloro- 
ethylene is about 2.8 times as powerful as 
carbon tetrachloride. In common with other 
halogenated hydrocarbons, it would be an- 
ticipated that tetrachloroethylene would act 
as a metabolic poison and would have a 
definite toxic effect on the liver and kidneys. 
Lamson and his associates (5), however, 
found no pathological changes, excepting a 
slight and not abnormal fatty metamorpho- 
sis of the liver in animals receiving 0.3 to 25 
milliliters per kilogram of body weight. The 
initial symptoms of large doses are stupor, 
dizziness, excessive perspiration, nausea, and 
vomiting. The inhalation effects are much 
less marked than those produced by oral 
administration. In spite of the fact that the 
toxicity of tetrachloroethylene igs less than 
that of carbon tetrachloride and that no 
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well-authenticated fatalities have occurred 
in industry in this country, reasonable pre- 
caution should be observed in handling the 
material in quantity where excessive expo- 
sure may occur. Morse and Goldgerg (6) in 
their investigation of degreasing units 
found 11 degreasing units of the nonventi- 
lated, noncondensing type in which the 
tetrachloroethylene concentration reached 
221 parts per million. They made recom- 
mendations for the design of these tanks, 
their operation, and location. Crowley and 
his associates (7) have more recently sur- 
veyed degreasing installations where this 
solvent is in use and found that tetrachloro- 
ethylene in the breathing zone of the opera- 
tor averaged 180 parts per million while 
work was being put in and 484 parts per 
million while work was being removed from 
the tanks. They recommend for safe opera- 
tion that this type of tank be used only 
when equipped with condenser and local ex- 
haust ventilation and that all other generally 
accepted standards for safe degreaser opera- 
tion be observed. 


Analysis 

The silica gel method of determining at- 
mospheric organic solvent vapors of Cralley 
and his associates (8) has been applied by 
Pernell to the analysis of tetrachloroethyl- 
ene vapor in air (9). Over concentration 
ranges of 2,200 to 2,500 parts per million, 
the recovery was somewhat better than 82 
per cent. At concentrations of from 97 to 304 
parts per million the recovery averaged 93 
per cent. Using a modified combustion 
method, Schayer and Ackerman (10) found 
that tetrachloroethylene vapor can be de- 
termined with an accuracy of 88 to 95 per 
cent. 
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TETRAHYDROFURAN 


Characteristics 


Tetrahydrofuran, tetramethylene oxide, is 
a colorless, mobile liquid with a neutral re- 
action. It has a boiling point of 65 to 66° 
C., a freezing point of —65° C. and a density 
of p 21/4 0.888. Structurally and chemically 
it is related to diethyl ether and to 1,4- 
dioxane: 
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1,4-Dioxane 


Uses 

Tetrahydrofuran is an excellent solvent 
and is chiefly used in industry as a solvent 
for resins and in the formulation of lacquers. 
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Toxicity 

The principal effect of inhalation of tetra- 
hydrofuran is narcosis. According to Leh- 
mann and Flury (1) the inhalation of 3,400 
to 60,000 parts per million of tetrahydro- 
furan vapor by cats, rabbits, rats, and mice 
over an extended period of time indicated 
that this substance is narcotic in action and 
productive of mucous membrane irritation. 
It was also found to be a skin irritant and 
damaging to the liver and kidneys. Tetra- 
hydrofuran resembles diethyl ether in sev- 
eral respects. However, narcosis 1s slower in 
building up than with ether, and persists 
somewhat longer. Stoughton and Robbins 
(2) report that the inhalation of high con- 
centrations of tetrahydrofuran is accompa- 
nied by a fall in blood pressure and strong 
respiratory stimulation. Zapp (3) found 
that the inhalation of 200 parts per million 
of tetrahydrofuran by dogs in 6-hour ex- 
posures for periods of 3 or 4 weeks produced 
a fall in pulse pressure but no demonstrable 
histopathological changes in the principal 
organs despite an exposure of 9 weeks fol- 
lowed by exposure for an additional 3 weeks 
at nearly twice this level. In contrast with 
earlier reports tetrahydrofuran was found 
not to irritate the skin nor to be a skin 
sensitizer. Hofmann and Oettel (4) have 
noted variation in skin effects with different 
lots of technical tetrahydrofuran and, since 
peroxide formation readily occurs with this 
substance, as is the case with diethyl ether, 
they state that it is possible that the pro- 
nounced irritation noted in earlier investiga- 
tions may have been due to such transforma- 
tion products rather than to tetrahydrofuran 
itself. 
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TETRAMETHYLTHIURAM DISULFIDE 


Characteristics 


Tetramethylthiuram disulfide, bis (di- 
methylthiocarbamy] disulfide), thirad, thi- 


ram, 
CH; CH; 
we 


\ 
NewUe- Sinan 


CH; CH; 


appears commercially as a white, odorless 
and tasteless powder which melts at 146 to 
148° C. Its density is p 20/4 1.29. It is in- 
soluble in water, caustic soda solutions, or 
gasoline, but is somewhat soluble in alcohol, 
benzene, and acetone and is very soluble in 
chloroform and in carbon disulfide. When 
heated tetramethylthiuram disulfide is de- 
composed into carbon disulfide and ammo- 
nium thiocyanate. 


Uses 


Tetramethylthiuram disulfide has been 
used for a number of years as a vulcaniza- 
tion accelerator in the rubber industry and 
is efficiently used where heat resistance is 
essential, as in steam hoses and conveyor 
belt covers. It is also a fungicide and a 
valued disinfectant for seeds as well as a 
pesticide. The extent to which this substance 
is used commercially is indicated by the pro- 
duction figure of 4,770,000 pounds—the 
rae manufactured in the United States 
in : 


Toxicity 


The toxicity of tetramethylthiuram di- 
sulfide was investigated for the first time 
by -Hanzlik and Irvine (1), who adminis- 
tered the dry powder intragastrically to 16 
rabbits and a cat. The minimum fatal dose 
for rabbits was 0.35 gram per kilogram of 
body weight; that for a cat was 0.23 gram 
per kilogram. The symptoms produced were 
characterized by a gradual depression with 
ataxia, fall of body temperature, slowed 
respiration and pulse with, finally, paralysis 
of the higher functions and death. Cyanosis 
was pronounced. The effects of subfatal 
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doses were frequently not observed until 
the end of the second day. Tetramethyl- 
thiuram disulfide was found to be about 10 
times as toxic as tetraethylthiuram disulfide 
(also known as Antabuse and which, more 
lately, has attained some popular interest 
as a proposed remedy for alcoholism). The 
delayed effects following the administration 
of tetramethylthiuram disulfide appear to 
be due to the slow rate of absorption of this 
substance owing to its insolubility in water, 
acids, and alkalies. While it is doubtful if 
a sufficient amount of this substance would 
be swallowed by workers in its industrial 
applications to cause systemic poisoning, it 
does cause irritation of the eyes, nose, throat, 
and skin and would be harmful if breathed 
as dust suspended in air, or as a spray or 
mist. According to Schwartz (2) this sub- 
stance produces dermatitis only when it is 
contained in rubber in such quantities that 
it “blooms” out, or is so loosely incorporated 
that it is leached out by perspiration. The 
repellent action of tetramethylthiuram di- 
sulfide against the Japanese beetle was 
found by Tisdale and Flenner (3) to be due 
to partial paralysis of the forelegs and mouth 
parts of the insect. 


Analysis 

While several methods for the detection 
and estimation of tetramethylthiuram disul- 
fide in quantitiy have been proposed, none 
has been specifically developed for small 
amounts existing as an atmospheric con- 
taminant. It is possible that the dark-green 
color which this substance yields with cobalt 
oleate in benzene (4) could be utilized colori- 
metrically for this purpose. 
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TETRANITROMETHANE 


Characteristics 


Tetranitromethane, C(NOz2)4, is a color- 
less, oily liquid which melts at 13° C., boils 
at 126° C., has a density p 13/4 of 1.65; and 
an index of refraction n 16.9/He of 1.43976. 
It is freely soluble in ether or alcohol but is 
insoluble in water. It has a characteristic 
acrid, pungent, biting odor similar to that of 
nitrous fumes but is much more irritating. 
It is formed as an impurity in the manufac- 
ture of trinitrotoluene by the nitration of 
toluene. Since the presence of tetranitro- 
methane is objectionable, trinitrotoluene is 
purified by treatment with sodium sulfite 
which destroys the tetranitromethane. Tet- 
ranitromethane may be prepared by the in- 
teraction of acetic anhydride and nitrogen 
pentoxide or very concentrated nitric acid. 
It may also be obtained by warming nitro- 
form, CH(NOz)3, with a mixture of fuming 
nitric acid and sulfuric acid. It is quite 
stable and distills without exploding. How- 
ever, when mixed with other carbon com- 
pounds, it explodes violently on ignition. 
With many unsaturated aliphatic and aro- 
matic compounds, tetranitromethane forms 
colored addition products varying in tint 
from yellow to brown-red and it is therefore 
a useful reagent for detecting double bonds. 


Industrial Uses 


Tetranitromethane, since it occurs prin- 
cipally as an impurity in the manufacture of 
trinitrotoluene, is of toxicological interest 
from this point of view rather than from its 
industrial application. Tetranitromethane 
combines with rubber to form a so-called 
tetranitromethanate, which has been of some 
service with reference to sudy of the group 
relationships in rubber chemistry. These 
tetranitromethanates, when prepared at 0° 
C. are fine powders, insoluble in all the com- 
mon organic solvents, and are noncrystal- 
line. The tetranitromethanates are of aca- 
demic rather than commercial interest, 
however. 


Toxicity 


Despite cases of poisoning and deaths 
which were traced to tetranitromethane oc- 
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curring as an impurity in trinitrotoluene 
manufacture during World War I, very little 
experimental investigation of the toxicity 
of tetranitromethane was made prior to the 
study made by Sievers and his associates 
(1). Also during the first World War, the 
irritating property of tetranitromethane 
fumes constituted an industrial nuisance 
and seriously interfered with the production 
of trinitrotoluene. According to Sievers, the 
plants in this country in 1915 introduced an 
alkaline sulfite wash to remove this un- 
pleasant odor. Koelsch, in 1917 (2), reported 
a limited number of experiments with cats 
and these are briefly referred to by Flury 
and Zernik (3). These experiments indicated 
that as low a concentration as 10 parts per 
million of tetranitromethane caused fatal 
poisoning. Koelsch states that animals ex- 
posed to the fumes of TNT containing tetra- 
nitromethane were unaffected at room tem- 
perature. Sievers, however, found that 
tetranitromethane fumes are given off from 
crude TNT containing this impurity in suffi- 
cient amount at room temperature to be fatal 
to cats confined in an exposure chamber. 
Concentrations of from 3.3 to 25.2 parts 
per million of air produced marked irritation 
of mucous membranes of the eyes, mouth, 
and upper respiratory tract, caused pulmo- 
nary edema, mild methemoglobinemia, and 
probably fatty degeneration of the liver and 
kidneys. Concentrations of from 0.1 to 0.4 
part per million caused mild irritation in 
cats but no other untoward effects following 
exposure of 6 hours on 2 consecutive days. 
In view of the above experimental work with 
animals and the fatal cases described in tri- 
nitrotoluene plants by Fischer (4) and by 
Koelsch (2), which were found to be due to 
tetranitromethane, this substance is indubi- 
tably very toxic. While the TNT product of 
today is practically free of tetranitrometh- 
ane, the crude TNT is still a potential hazard 
with respect to this by-product. In a study 
of acute and chronic inhalation poisoning 
with tetranitromethane Horn (5) found that 
the principal cause of death of the experi- 
mental animals was pneumonia, apparently 
initiated by the irritant property of tetra- 
nitromethane. The pathological changes 
seen in other organs than the lungs were 
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probably secondary to the marked lung 
pathology. 


Analysis 


The only method so far available for the 
determination of tetranitromethane in air is 
that of Rushing (1, p. 6). In this method, 
air samples were drawn through ethanol as 
the collecting medium in midget impingers, 
neutralized with pyridine to a pH of about 
6, and treated with alcoholic benzidine solu- 
tion. Suitable aliquots thus prepared may be 
compared with known standards in Nessler 
tubes or the color comparison may be made 
with a spectrophotometer at 400 millimi- 
crons. Nitrous and nitric acids and their 
reaction products with alcohol do not seri- 
ously interfere. A somewhat modified form 
of Rushing’s method has been employed by 
Vouk and Weber (6) for the determination 
of small amounts of tetranitromethane in 
air. 
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THIOGLYCOLLIC ACID 


Characteristics 


Thioglycollic acid, thioglycolie acid, mer- 
captoacetic acid, 


SH 


rp 
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COOH 


is a colorless liquid with a pronounced and 


~ 
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disagreeable odor. Its boiling point is 123° 
C. at 29 millimeters; freezing point —16.5° 
C.; and density p?° 1.325. It is miscible with 
water, alcohol, ether, and many organic sol- 
vents. Thioglycollic acid is prepared by 
reacting monochloroacetic acid with potas- 
sium sulfhydrate, or by heating thiohydan- 
toin with alkali. 


Uses 


The sodium and ammonium salts of thio- 
glycollic acid are used for cold waving. Thio- 
glycollic acid is also used as an analytical 
reagent for the colorimetric determination 
of various metals. Production of thioglycolic 
acid salts in the United States in 1953 
amounted to 1,414,000 pounds. 

Toxicity 

While no reports are available of workers 
being affected in plants for the manufacture 
of thioglycollic acid, this substance has at- 
tained some hygienic importance in its appli- 
cation to cold waving. Both operators and 
patrons have been affected by the applica- 
tion of salts of thioglycollic acid and numer- 
ous cases of skin irritation (1, 2) and even 
loss of hair (3) have been reported. How- 
ever, Frenkiel (4) states that irritation is 
due to impurities introduced by careless 
manufacture—such as too great alkalinity 
of the salts or the presence of sodium hydro- 
sulfide. Schulte and Weisskopf (5) patch- 
tested a number of individuals with solutions 
containing up to 7.5% of ammonium thio- 
glycollate having pH values of from 7 to 
10.4 with negative results. According to these 
investigators (6), buffered alkaline solutions 
of pH > 10 attack the peptide linkages of 
the keratin fibers. This action increases with 
increasing pH and time of application. Co- 
hen (2) states that thioglycollate prepara- 
tions should not be used on anemic individ- 
uals, nor in cases of liver disease. Van der 
Burg (7) reports a case of an operator who 
complained of poor appetite, discomfort and 
dizziness, irritation of the eyes and lameness 
of the arms. The reaction in this case was 
in part due to hypersensitivity. 


Analysis 
Thioglycollic acid is an excellent colori- 
metric reagent for the detection and estima- 
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tion of ferric iron, with which it gives an 
indigo-blue color. The color in alkaline so- 
lution tends to fade, but is readily restored 
by shaking with air. With small amounts 
of iron fading does not occur for 30 minutes. 
Doubtless the reverse procedure using ferric 
iron as the reagent could be adapted to the 
determination of small amounts of thiogly- 
collic acid as an atmospheric contaminant. 
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TOLUENE 


Characteristics 


Toluene, toluol, methylbenzene, phenyl- 
methane, CsH;CHs, a homologue of benzene, 
melting point —95.1° C., boiling point 110.7° 
C., density p 25/4 0.861, index of refraction 
n 20/p 1.49685, flash point 6.5° C., is a color- 
less liquid with a characteristic odor. The 
vapor pressure of toluene is 36.7 millimeters 
of mercury at 30° C. It burns with a smoky 
luminous flame, is soluble in water to the 
extent of 0.19 part per hundred, and is com- 
pletely soluble in organic solvents. Toluene 
is present in coal tar and is found together 
with benzene in the first fraction on frac- 
tionally distilling the tar. It is also obtain- 
able from balsam tolu and other resins. A 
tremendous expansion of toluene production 
occurred during World War II when the de- 
mand for TNT was great. This increase in 
production was made possible by the de- 
velopment of a catalytic process known as 
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“hydroforming” in the petroleum industry 
in 1941. In this process, heavy naphtha frac- 
tions undergo an hydrogenation, dehydro- 
genation, and aromatization process giving 
a high yield of aromatics. Toluene closely 
resembles benzene in its properties in form- 
ing nitro and other derivatives. Toluene dis- 
solves in methyl] nitrite even at —20° C. and 
in aniline at +20° C. When oxidized with 
dilute potassium permanganate, it yields 
benzoic acid. Nitration produces 2 ,4-dini- 
trotoluene, melting point 70 to 71° C. With 
picric acid, toluene forms a picrate con- 
sisting of light yellow flakes, melting point 
88.2° C. 


Industrial Uses 


Toluene is used extensively as a solvent in 
the synthetic rubber, paint, and lacquer in- 
dustries, and in the manufacture of trini- 
trotoluene in the explosives industry. Tolu- 
ene constitutes from 2 to 10 per cent of 
commercial benzene. The total production 
in the United States in 1945 was 150,041,585 
gallons (1). In 1954 production was 
159,185,000 gallons. 


Toxicity 

There is no complete agreement with ref- 
erence to the relative toxicity of toluene and 
benzene, probably owing to differences in 
the methods of investigation which have 
been used to evaluate the toxicities of these 
two substances. It is occasionally asserted 
that there is a difference in toxicity between 
toluene and benzene because of the difference 
in volatility. This belief is doubtless due to 
confusion of the terms concentration and 
vapor tension. Industrial exposure is chiefly 
related to inhalation of toluene vapor which 
causes a progressive depressant action on 
the central nervous system and the bone 
marrow. In addition to its narcotic action, 
toluene is a pronounced irritant to mucous 
surfaces. The symptoms of toluene poisoning 
vary with the degree of exposure (2). Severe 
exposure causes headaches, dizziness, ano- 
rexia, palpitation, weakness, and lack of co- 
ordination. A pronounced drop in red cell 
count occurs. Biopsy of sternal bone marrow 
reveals partial destruction of the blood form- 
ing elements. Toluene is oxidized in the body 
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to benzoic acid and this in turn (3) com- 
bines with glycine in the kidney to form 
hippuric acid which is excreted in the urine. 
While it should be kept in mind that com- 
mercial toluene contains up to 15 per cent 
of benzene (4), sufficient investigation has 
been made of pure toluene to establish its 
toxicity. According to Wilson (2), who 
studied 1,000 workmen exposed to various 
concentrations of toluene for varying pe- 
riods of time, concentrations above 200 parts 
per million may cause symptoms attribut- 
able to intoxication of the central nervous 
system, while with concentrations above 500 
parts per million, depression of the bone mar- 
row may occur. Greenburg and his associates 
studied 106 painters exposed to the inhala- 
tion of toluene of between 100 and 1,100 
parts per million for periods of time rang- 
ing from 2 weeks to more than 5 years. They 
found that industrial exposure to toluene re- 
sulted in enlargement of the liver, macro- 
cytosis, moderately decreased levels of 
erythrocyte counts, and absolute lymphocy- 
tosis. It did not result in leukopenia. Early 
chronic toluene intoxication in man is best 
evidenced by hepatomegalia and macrocy- 
tosis (5). A study of the mechanism of tolu- 
ene intoxication by Srbova and Teisinger 
(6) has shown that 16 per cent of the inhaled 
vapor is excreted by the lungs during the 
desaturation period. The retained toluene is 
practically entirely converted to benzoic 
acid and eliminated within 24 hours. The * 
largest part of the benzoic acid derived from 
the toluene is excreted as hippuric acid; only 
10 to 20 per cent is excreted as a glucuronide. 


Analysis 


Toluene may be detected by absorption 
of the vapor in concentrated sulfuric acid 
containing formaldehyde. The orange- 
brown color produced is more or less pro- 
portional to the amount of toluene contami- 
nant in the air. However, this method is not 
specific since coal tar naphthas and benzene 
also yield a similar color. When toluene, dis- 
solved in concentrated sulfuric acid, is 
treated with several drops of benzal chloride, 
it gives a characteristic light yellow color. 
A microcolorimetric method for the deter- 
mination of toluene proposed by Yant and 
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his associates depends on nitration with 
fuming nitric acid (7). On neutralization 
and extraction with butanone followed by 
treatment with potassium hydroxide, a red- 
dish-blue color develops, the intensity of 
which is proportional to the amount of tolu- 
ene nitrated. By using this method, together 
with a similar method developed by the 
same authors for benzene, benzene and tolu- 

ene can be estimated independently in mix- 

tures of the two. Fabre, Truhaut, and Peron 

(8) have developed a photometric method 

which permits benzene and toluene to be 

determined separately in mixed solvents and 
in air. 
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TOLUIDINE 


Characteristics 


Toluidine CH:C.H4,NHe exists in the 
three isomeric forms, 1.e., o-, m-, and p-tolui- 
dine. These are prepared by the reduction of 
the three corresponding nitrotoluenes. m- 
Toluidine can also be prepared by reduction 
of m-nitrobenzal chloride which is obtained 
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from m-nitrobenzaldehyde. The o- and p- 
toluidines are separated by treating a mix- 
ture of the bases with less sulfuric acid than 
is required for neutralization, followed by 
distillation. Since the p compound is the 
strongest base, it remains as the sulfate. 
The toluidines may be separated also by 
taking advantage of their differences in solu- 
bility. o-Toluidine is a light yellow liquid 
boiling at 197° to 200° C., melting at —15.5° 
C., having a density p 20/20 of 1.008, an 
index of refraction n 20/p of 1.5688, and a 
flash point of 87° C. m-Toluidine is a color- 
less liquid which boils at 203.4° C., solidifies 
at about —50° C., has a density p 25/25 of 
0.990, and index of refraction n 22/p of 
1.5711. p-Toluidine is a solid occurring as 
white lustrous plates or leaflets. It melts at 
44° to 45° C., boils at 200 to 201° C., has a 
density p 20/4 of 1.046, and an index of 
refraction n 59/p of 1.5532. The solubility 
of o-toluidine in water is 1 part in 70 vol- 
umes and of the p-toluidine, 1 part in 135 
volumes, while m-toluidine is but very 
slightly soluble in water. All three isomers 
are soluble in alcohol, ether, or dilute acids. 
When dissolved in sulfuric acid, o-toluidine 
gives a blue color with potassium dichro- 
mate changing to purple on dilution. m-To- 
luidine gives a yellow-brown color and p- 
toluidine a yellow color only under similar 
conditions. With bromine water, o-toluidine 
gives the dibromo derivative, m.p. 50° C.; 
p-toluidine gives a dibromo derivative of 
melting point 73° C. The acetyl derivative 
of o-toluidine melts at 112° C., of m-tolui- 
dine at 65° C., and of p-toluidine 148° C., 
while the melting points of the benzoyl deri- 
vatives are respectively o-toluidine 143° C., 
m-toluidine 125° C., and p-toluidine 158° C. 
The azo-B-naphthol derivatives have the 
following melting points, respectively: that 
of o-Toluidine 128° C., m-toluidine 140° C., 
and p-toluidine 130° C. o-Toluidine, like 
aniline, gives a violet color with bleaching 
powder in aqueous solition following the 
addition of hydrochloric acid, but p-tolui- 
dine does not. Ferric chloride precipitates a 
blue substance known as toluidine blue from 
a solution of o-toluidine in hydrochloric 
acid. With n-butyl chloride, p-toluidine 
gives mono- and di-butyl-toluidines, but o- 
toluidine gives only a mono derivative. 
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Industrial Uses 


The quantity of p-toluidine marketed in 
the United States for the year 1944 
amounted to 1,019,000 pounds. Production 
figures for the o- and m-toluidines are not 
available at this time. Except for a few 
special uses, such as the use of the mixed 
toluidines in vulcanizing operations in the 
rubber industry, as a constituent of flotation 
oil in the metallurgical industry, as a base 
for plastics and molding composition, these 
substances find but little direct application. 
The toluidines are important chemical sub- 
stances as starting material for synthetic 
products, however, such as saccharin and 
other pharmaceuticals, synthetic perfumes, 
dyes, intermediates, and other organic 
chemicals. A certain amount of toluidine 
has been applied in the synthetic rubber 
industry to impart elasticity to synthetic 
rubber, particularly methyl rubber. 
Toxicity 

No very good data exist for the com- 
parative toxicities of o-, m-, and p-tolui- 
dines. In general, their toxic behavior is 
comparable to that of aniline. The most fre- 
quent type of exposure in industry is that of 
inhalation of fumes and vapors with addi- 
tionally a certain amount of skin contact. It 
is stated that the o- and m-toluidines, which 
are liquid at room temperature, are not so 
readily absorbed through the skin as is 
aniline. The symptoms produced by the 
inhalation of the toluidines are those of 
headache, weakness, difficulty in breathing, 
convulsions, cyanosis, and kidney irritation. 
According to Henderson and Haggard (1), 
a concentration varying from 6 to 23 
parts per million of o-toluidine causes slight 
symptoms after exposure of several hours, 
while 90 to 140 parts per million is the maxi- 
mum concentration that can be inhaled for 
1 hour without serious disturbance. 


Analysis 


While toluidine may be estimated by it- 
self or even in the presence of aniline by 
the potassium bromide-bromate method 
(2), this procedure is only useful when ap- 
plied to the estimation of toluidine in rel- 
atively larger samples than ordinarily ob- 
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tained by air sampling. Aniline in this 
method is converted to a tribromo deriva- 
tive while the toluidines yield dibromo 
derivatives. Identification of the various 
toluidines is usually accomplished by con- 
verting to characteristic derivatives and 
obtaining their melting or boiling points. 
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TOXAPHENE 
Characteristics 


Toxaphene is not a definite chemical com- 
pound but is instead a mixture of polychloro 
bicyclic terpenes with chlorinated cam- 
phene. The resulting product contains 67 to 
69 per cent of chlorine. It is a yellow, waxy 
substance with a melting point of 65 to 90° 
C. and has a pleasant piney odor. While it 
is insoluble in water it dissolves in a number 
of organic solvents. 


Uses 


Toxaphene is an important agricultural 
insecticide. It is especially useful in cotton 
raising as a protective measure against the 
boll weevil, boll worm, cotton aphid, and 
cotton fleahopper. 


Toxicity 


Toxaphene was found by Lackey (1) to 
be highly toxic to dogs in doses of 10 mil- 
ligrams per kilogram of body weight when 
administered by stomach tube. Death re- 
sulted from doses as low as 15 milligrams 
per kilogram, but other dogs survived doses 
of 40 milligrams per kilogram. Chronic 
poisoning studies indicated that there is an 
accumulative effect. Skin absorption was 
shown by Lackey (2) to occur both with 
dogs and with rabbits. When dogs were 
given lethal doses of toxaphene by mouth 
Lackey and Weed (3) found that convul- 
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sions could be controlled and that recovery 
occurred by adequate dosage of sodium 
phenobarbital. Garcia et al. (4) found that 
there is considerable variation in the lethal 
dosage of toxaphene for various species of 
animals. 

Several cases of toxaphene poisoning in 
man have been reported (5) resulting from 
accidental ingestion (a fatal case), or from 
eating vegetables sprayed with toxaphene. 
Pollock (6) reports a fatal case of poisoning 
in which a child ingested toxaphene. The 
acute oral toxicity, 2.e., the LDs5o value for 
toxaphene to the rat is 69 milligrams per 
kilogram. The toxicity to the rabbit by skin 
absorption was found by Johnston and Eden 
(7) to be 1.025 to 1.075 gram per kilogram 
of body weight. 
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TRICHLOROETHANE 


Characteristics 


Trichloroethane exists as two isomers, 
1,1,1-trichloroethane and 1,1,2-trichloro 
ethane, and is sometimes incorrectly des- 
ignated as vinyl trichloride, ethylene chlo- 
ride, or ethylene trichloride. The 1,1,2-, or 
B isomer. 


catia 
CH—Cl, 


is the more important compound industri- 
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ally. 1,1,1-Trichloroethane or methyl] chlo- 
roform is a liquid with a boiling point of 
74.1° C., a density of p 26/4 1.3249, and 
refractive index of n 21/p 1.4376. 1,1,2- 
Trichloroethane boils at 113.5° C., melts at 
—36.7° C. has a liquid density of p 20/4 
1.4406, and an index of refraction of n 20/p 
1.4715 (1). The vapor pressure of 1,1,1- 
tricloroethane is 100 millimeters of mercury 
at 20° C.; that of the 1,1,2-compound is 
20 millimeters of mercury at 21.6° C. The 
density of the vapor of 1,1,2-trichloro- 
ethane under 1 atmosphere of pressure and 
at the boiling point is 4.61 and its solu- 
bility in water at 25° C. is 0.44 gram 
per 100 grams of water (2). 8-Trichlo- 
roethane is noninflammable. McGovern, in 
giving the conditions under which it may be 
used without significant decomposition or 
corrosion of equipment, states that it may 
be used in the absence of air and water at 
temperatures up to 110° C. In contact with 
water, it hydrolyzes appreciably at its boil- 
ing point (113.5°C.). Trichloroethane may 
be used in the presence of air at ordinary 
temperatures without danger of decomposi- 
tion or corrosion. 


Industrial Uses 

1,1,2-Trichloroethane is a solvent for oils, 
fats, waxes, tar, many natural and synthetic 
resins, and alkaloids. Its noninflammability 
and boiling range make it especially suitable 
for many solvent and degreasing operations. 
It has distinctive solvent properties for nat- 
ural and synthetic rubber and is particularly 
used as a solvent for Thiokol. 


Toxicity 


1,1,2-Trichloroethane is less toxic than 
1,1,1-trichloroethane. Both the trichloro- 
ethanes have a local irritating effect on the 
mucous membranes, particularly those of 
the eyes and nose. In general, these sub- 
stances have a narcotic effect causing com- 
plete narcosis in mice at a concentration of 
60 to 65 milligrams per liter of air. Accord- 
ing to Lehmann (3), 1,1,1-trichloroethane 
is four times as toxic as the 1 ,1 ,2-compound. 
Lehmann found serious symptoms of irri- 
tation of the nervous system following ex- 
posure to these chloro derivatives of ethane. 
Engorged blood vessels were noted, the liver 
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was rich in pigment, accompanied by fine 
and coarse fat deposition, fat was present 
in the kidneys, and edema and hemorrhage 
of the lungs occurred. McGovern (2) rates 
the toxicities of chloroform and 1,1,2-tri- 
chloroethane as more pronounced than those 
of methyl and ethyl chloride, respectively, 
but these substances were less toxic than 
pentachloroethane and tetrachloroethane. 
However, Adams and his associates (4) have 
obtained more concrete evidence of the tox- 
icity of 1,1,1-trichloroethane as the result 
of extensive investigation of the effect of 
this substance on animals exposed to its va- 
por. Their experiments indicate that trichlo- 
roethylene and tetrachloroethylene are much 
more toxic than 1,1,1-trichloroethane and 
that the toxicity of the latter is about the 
same order of magnitude as that of dichloro- 
methane. 


Analysis 


The methods of analysis suitable for the 
determination of carbon tetrachloride may 
also be applied to the evaluation of the tri- 
chloroethanes as aerial contaminants in the 
absence of other chlorinated hydrocarbons. 
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TRICHLOROETHYLENE 


Characteristics 


Trichloroethylene, ethylene trichloride, 
CHCI=CCle, boils at 87° C., solidifies at 
—88° C., and has a density p 20/4 of 1.46. 
It is miscible with alcohol, ether, and oils 
but dissolves only very slightly in water 
(1.18 milliliter per liter or 0.04 per cent at 
25° C.). Trichloroethylene is a clear, color- 
less, noninflammable liquid with a faintly 
aromatic, sweetish, characteristic odor some- 
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what resembling chloroform. The vapor 
pressure at 20° C. is 57.8 millimeters of mer- 
cury and at 86.9° C. is 760 millimeters of 
mercury. Trichloroethylene is classed as 
noninflammable at ordinary temperatures 
and moderately flammable at higher tem- 
peratures. In the presence of an excess of 
water or at high temperatures, such as occur 
in open flames, trichloroethylene may de- 
compose to give hydrochloric acid and other 
products. Its molecular weight is 131.39 and 
a concentration of 1 milligram per liter rep- 
resents 186 parts per million. Trichloroethy]- 
ene is prepared from sym-tetrachloroethane 
by heating with calcium hydroxide. By au- 
toxidation, it yields dichloroacetyl chloride 
but a simultaneous decomposition to phos- 
gene, carbon monoxide, and hydrogen chlo- 
ride also occurs. Owing to its tendency to 
decompose, trichloroethylene should be pro- 
tected from light. 


Industrial Uses 


Trichloroethylene, because of its solvent 
action on fats and oils, is used as a thinner 
for coatings and varnishes and as a solvent 
for rubber, replacing carbon tetrachloride in 
many instances. It is used in industry in 
large quantities as a degreasing agent for 
metal surfaces previous to coating them with 
other metals, as a dry-cleaning agent, as well 
as in the textile and printing industry, in 
the chemical industry, in gas purification, 
as an insecticide, a disinfecting agent, and 
in cleaning films, photographic plates, and 
optical lenses. In all these processes, trichlo- 
roethylene may be used pure or as an addi- 
tion to other solvents under various proprie- 
tary names. Since 1935, it has been used as 
ri inhakation anesthetic similarly to chloro- 

orm. 


Toxicity 


When used in anesthesia, trichloroethyl- 
ene permits the use of a higher oxygen per- 
centage, is practically nonirritant, and 
rarely causes postoperative nausea, but, on 
the other hand, it does not give satisfactory 
muscular relaxation. It resembles chloroform 
but is less potent and less toxic (1). The local 
irritating effect on the eyes and mucous 
membranes, the giddiness, excitement, or 
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confusion are similarly less for equivalent 
dosages. Severe narcosis is produced only by 
high concentrations and prolonged exposure. 
However, numerous cases of trichloroethy]- 
ene poisoning have been reported in the lit- 
erature of industrial hygiene. Stiiber (2) has 
recorded 284 cases of trichloroethylene poi- 
soning in German industry of which 202 were 
acute and 82 chronic. In all there were 26 
fatal cases of poisoning. Although Stiiber 
went so far as to state that the liver is never 
affected, Seifter (3) found that liver injury 
consisting of liver disfunction, glycogen de- 
pletion, and hydropic parenchymatous de- 
generation developed in dogs exposed to 
repeated and prolonged inhalation of trichlo- 
roethylene vapor. Other signs of intoxication 
were anemia, loss of weight, nausea, vomit- 
ing, lethargy, and diarrhea. However, all 
signs disappeared in dogs that were removed 
from exposure. Although liver injury was 
produced in a short time by exposure to 
relatively large concentrations, definite liver 
injury resulted from an exposure of 8 weeks 
to a concentration of 500 to 750 parts per 
million 4 to 6 hours daily, 5 days a week. 
Mogilevskaya (4) states that in addition 
to its narcotic effect, trichloroethylene spe- 
cifically attacks the sensory fibers and the 
visual nerve leading to blindness, causes se- 
vere hepatitis and damage to the respiratory 
organs, which is possibly due to the forma- 
tion of hydrochloric acid and carbony] chlo- 
ride. Barrett and his associates (5) have 
shown that 5 to 8 per cent of the trichloro- 
ethylene absorbed is excreted in the urine as 
trichloroacetic acid. Powell (6) suggests that 
routine blood and urine tests for trichloro- 
acetic acid be used to control undue or harm- 
ful exposures to trichloroethylene in indus- 
try. The animal experiments of Fabre and 
Truhaut (7) indicate that both trichloro- 
ethylene and trichloroacetic acid derived 
from it are deposited in the endocrine glands, 
kidneys, brain, blood, and particularly in 
the spleen and lungs. There is no evidence 
to indicate that the trichloroacetic acid pro- 
duced in the metabolism of trichloroethylene 
is toxic. Ahlmark and Forssman (8) have 
shown that the extent of exposure to tri- 
chloroethylene may be evaluated by deter- 
mining the trichloroacetic acid content of 
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the urine. In an examination of 80 workers 
exposed to an average of 59 parts per mil- 
lion for open tanks and 23 parts per million 
for closed tanks, Grandjean and his asso- 
ciates (9) found the average ratio of uri- 
nary trichloroacetic acid (milligrams per 
liter) to atmospheric trichloroethylene (in 
parts per million) to be 3:1. Dermatitis is 
caused by the defatting action of trichloro- 
ethylene upon the skin and results from re- 
peated exposure. 


Analysis 


Dudley (10) has described a portable unit 
for the determination of halogenated hydro- 
carbons in air which is applicable to the 
quantitative determination of trichloroeth- 
ylene. Fujiwara (11) found that when cer- 
tain chlorinated hydrocarbons were highly 
diluted in water and treated with sodium 
hydroxide and pyridine a color is developed 
on heating. Barrett (12) has developed a 
procedure based on this method for the de- 
termination of trichloroethylene in air. The 
method yields results accurate to within 
+11 per cent which is considered quite suffi- 
cient for field determinations. Concentra- 
tions as low as 20 parts per million may be 
detected. Further study of this method has 
been made by Webb, Kay, and Nichol (13), 
who have developed an improved visual test 
for its application. Hapgood and Powell (14) 
have adapted the Fujiwara reaction to the 
determination of trichloroethylene in blood. 
In the method developed by Waldman and 
Krause (15) for determining the trichloro- 
acetic acid content of urine, the acid is de- 
composed by sodium hydroxide to chloro- 
form and carbon dioxide. In alkaline solution 
chloroform develops a pink color with py- 
ridine and the depth of color thus obtained 
is measured colorimetrically. The amount 
of trichloroacetic acid found is a useful 
measure of the extent of intoxication by tri- 
chloroethylene. 


REFERENCES 


1. Harrison, B. L.: Trichloroethylene in general 
anaesthesia. Brit. Med. J. 1: 367 (1948). 

2. Stiiber, K.: Gesundheitsschadigungen bei der 
gewerblichen Verwendung des Trichlorathy- 
lens und die Mdéglichkeiten ihrer Verhiitung. 
Arch. Gewerbepathol. Gewerbehyg. 2: 398 
(1931). 


350 


3. Seifter, J.: Liver injury in dogs exposed to tri- 

chloroethylene, J. Ind. Hyg. Toxicol. 26: 250 
1944). 

4. iret S. Y.: Improving working con- 
ditions in degreasing (metals) with trichloro- 
ethylene. Higiena i Sanit. (U.S.S.R.) 10: No. 
12, 25 (1945). 

5. Barrett, H. M., Cunningham, J. G., and John- 
ston, J. H.: A study of the fate in the organ- 
ism of some chlorinated hydrocarbons. J. Ind. 
Hyg. Toxicol. 21: 479 (1939). 

6. Powell, J. F.: Trichlorethylene: absorption, 
elimination and metabolism. Brit. J. Ind. 
Med. 2: 142 (1945). 

7. Fabre, R., and Truhaut, R.: The toxicology of 
trichloroethylene. Brit. J. Ind. Med. 9: 39 
(1952). : 

8. Ahlmark, A., and Forssman, S.: _Evaluating 
trichloroethylene exposures by urinary analy- 
sis for trichloroacetic acid. Arch. Ind. Hyg. 
and Occupational Med. 3: 386 (1951). 

9. Grandjean, E., Miinchinger, R., Turrian, "oe 
Haas, P. A., Knoepfel, H. K., and Rosen- 
mund, H.: Investigations into the effects of 
exposure to trichloroethylene in mechanical 
engineering. Brit. J. Ind. Med. 12: 131 (1955). 

10. Dudley, H. C.: A portable unit for the deter- 
mination of halogenated hydrocarbons. U. 8. 
Public Health Service, Public Health Repts. 
66: 1021 (1941). . 

11. Fujiwara, K.: Ueber eine neue sehr empfindliche 
Reaktion zum Chloroformnachweis. Sitzber. 
Abhandl. naturforsch. Ges. Rostock 6: 33 
(1914). 

12. Barrett, H. M.: The determination of trichlor- 
ethylene in air. J. Ind. Hyg. Toxicol. 18: 341 
(1936). 

13. Webb, F. J., Kay, K. K., and Nichol, W. E.: 
Observations on the Fujiwara reaction as a 
test for chlorinated hydrocarbons. J. Ind. 
Hyg. Toxicol. 27: 249 (1945). 

14. Hapgood, S., and Powell, J. F.: Estimation of 
chloroform, carbon tetrachloride and trichlor- 
ethylene in blood. Brit. J. Ind. Med. 2: 39 
(1945). 

15. Waldman, R. K., and Krause, L. A.: A routine 
method for determination of trichloroacetic 
acid in urine as an evaluation of exposure to 
trichloroethylene. U. S. Pub. Health Service, 
Occupational Health, 72: 110 (1952). 


TRI-o-CRESYL PHOSPHATE 


Characteristics 


Tricresyl phosphate, (CH3CsH4)3POu,, 
exists in three isomeric forms which possess 
differences in toxicity. The o- and m-cresy] 
phosphates are colorless, practically odorless 
liquids, which are stable and nonvolatile. 
The p isomer exists in the form of crystalline 
needles having a melting point of 77-78° C. 
The tri-o-cresyl phosphate has a boiling 
point of 275 to 280°C. (20 millimeters of 
mercury), specific gravity of 1.170 to 1.180 
at 20° C., and an index of refraction of 
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1.554 to 1.556 (25° C.). Its volatility is said 
to be 0.03 per cent at 100° C. While insoluble 
in water, the phosphates are miscible with all 
the common solvents and thinners and also 
with most vegetable oils. Tri-o-cresyl phos- 
phate is made by treating cresols with phos- 
phorus oxychloride in the presence of an 
aluminum catalyst. 


Industrial Uses 


Tricresyl phosphate was under the alloca- 
tion control of the War Production Board 
from 1942 through 1945. During 1944, a total 
of 20,715,000 pounds of tricresy] phosphate 
was distributed as follows: 64.1 per cent for 
cable impregnation and sheaths; 10 per cent 
for lacquers; 8.9 per cent for synthetic rub- 
ber; 7.5 per cent for textile coatings; 5.2 per 
cent for cellophane and plastics; 2.4 per cent 
for direct military uses, and 1.9 per cent for 
adhesives, synthetic rubber, lubricants, and 
oil additives. Production in 1953 amounted 
to 22,109,000 pounds. In the manufacture of 
plastics, tricresyl phosphate is widely used 
as a plasticizer and the flexibility, hardness, 
water resistance, and inflammability of the 
plastic can be varied with the amount of 
plasticizer used. Tricresyl phosphate is used 
as a solvent for resins and for waterproofing 
and fireproofing compositions of various 
types. An “ortho-free” grade of tricresyl 
phosphate is commercially available. 


Toxicity 


Experimental work by Smith, Elvove, and 
Frazier (1) showed that toxicologically, tri- 
o-cresyl phosphate differs from the corre- 
sponding cresols, phenols, or their phosphoric 
acid esters in toxicity and also in manner of 
action. On subcutaneous or intravenous in- 
jections of tri-o-cresyl phosphate in the cat 
or dog, flaccid paralysis of the posterior ex- 
tremities and to a lesser degree of the ante- 
rior, follows after a latent interval varying 
from 5 to 30 days. The minimum effective 
dose in the cat is about 0.2 milliliter per kilo- 
gram, in the dog about 1 milliliter per kilo- 
gram. The curiously delayed action of tri-o- 
cresyl] phosphate in the animal body and its 
highly specific effect on the neuromuscular 
apparatus is probably due to slow liberation 
of o-cresol in selected areas of the nervous 
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system after the relatively stable lipoid ester 
had found its way into the nerve tissues (2). 
Tri-o-cresyl phosphate alone can produce in 
experimental animals this specific type of 
paralysis of the extremities. This paralysis 
is comparable with that which occurred in 
human victims who drank a fluid extract of 


Jamaica ginger adulterated with tricresyl 


phosphate. Several thousand cases occurred 
in the United States in 1930 and of these ten 
died. Hunter (3, 4) has shown by means of 
experiments on domestic fowls that the tri- 
o-cresyl phosphate is toxic while larger doses 
of tri-m-cresyl phosphate produced only 
weakness of the legs and still larger doses 
were required for respiratory paralysis. 
Fowls fed tri-p-cresyl phosphate showed, no 
evidence of ill health. Hunter has recorded 
the toxic effects in three men employed in a 
plant manufacturing tri-o-cresy phosphate 
during World War II. The clinical picture 
is that of a polyneuritis with flaccid paraly- 
sis of the distal muscles of the upper and 
lower extremities. Slow but complete recov- 
ery usually occurs. Although there is experi- 
mental evidence that tri-o-cresyl phosphate 
can be absorbed through the skin, the port 
of entry in these cases may have been the 
respiratory tract. In 1937, an outbreak af- 
fected 68 people using salad oil containing 
0.4 per cent tri-o-cresyl phosphate. Cases 
also occurred in Germany among factory 
workers using a fat substitute which con- 
tained this substance (Hunter, 3). Hotston 
(5) has recently reported similar cases in 
England. Walthard and Walthard (6) re- 
ported serious disturbances of the gastroin- 
testinal tract (followed by paralysis of feet, 
legs, arms, and hands with muscular atro- 
phy) in an epidemic in which 89 cases de- 
veloped following tri-o-cresy] phosphate poi- 
soning. 


Analysis 


Tri-o-cresyl phosphate existing in the air 
of work spaces as vapor or present as mist 
may be quantitatively determined by ab- 
sorption in a suitable medium and subse- 
quent determination of either the phenol 
content or the phosphate content of the ab- 
sorption mixture. In either case, it is neces- 
sary to hydrolyze the trapped o compound. 
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The method adopted by Hunter and his as- 
sociates (3) is the more exact of the two 
methods for quantitative estimation and is 
relatively simple. In this method the phos- 
phate portion of the molecule is determined 
colorimetrically with the usual ammonium 
molybdate and benzidine reagents. 
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TRIETHANOLAMINE 


Characteristics 


Triethanolamine, £;)’,8”-trihydroxytri- 
ethylamine, 


Beas -CH,-OH 
N—CH,-CH:2-OH, 
CH,;-CH,:-OH 


is an organic base related to ammonia in 
which the three hydrogen atoms have been 
replaced by the ethanol group (HOCH2: 
CH.—). This substance, which became tech- 
nically important in 1927, is a colorless liq- 
uid soluble in water and intermediate in 
properties between alcohol and ammonia. 
Its boiling point is 227° C. at a pressure of 
150 millimeters of mercury. It has a density 
p 20/20 of 1.1258 and its vapor pressure at 
20° C. is less than 0.1 millimeter of mercury. 
It has a slightly ammoniacal odor, excellent 
penetrating properties, and is hygroscopic. 
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Triethanolamine is prepared by allowing 
ethylene chlorhydrin to react with ammonia. 
In another special process which is techni- 
cally important, ammonia reacts with ethyl- 
ene oxide by opening the oxide ring yielding 
successively the mono-, di-, and finally tri- 
ethanolamine. 


Industrial Uses 


Triethanolamine combines with free fatty 
acids to form organic soaps which have solu- 
bilities different from those of metallic soaps, 
particularly in the sense that they are sol- 
uble in certain organic solvents, as well as 
being water soluble. Triethanolamine is a 
solvent for casein, shellac, dyes, and certain 
synthetic resins. In the production of urea 
resins, triethanolamine is particularly use- 
ful as a catalyst for the reaction between 
urea and formaldehyde at a temperature of 
not over 50° C. This gives a product of ex- 
treme clarity in the finished resin. To some 
extent, triethanolamine is used as a solvent 
and plasticizer for organic substances, such 
as nitrocellulose and cellulose acetate. It is 
used as a penetrating agent in impregnating 
wood and paper and as a dispersing agent in 


rubber. Triethanolamine is incorporated into . 


certain therapeutic salves for dermatologic 
therapy (1). 


Toxicity 


The acute and chronic toxic effects of tri- 
ethanolamine absorption were investigated 
by Kindsvatter (2). In order to produce 
acute poisoning, this investigator found that 
it was necessary to feed relatively large 
doses, and even so the deaths were caused 
not by the intrinsic toxicity of the material 
but rather by its alkalinity. When neutral- 
ized, the animals survived and showed no ill 
effects. The LDs5 9 dose of triethanolamine 
was found to be 8 grams per kilogram for 
both rats and guinea pigs. Mono- and di- 
ethanolamine do not enhance the toxicity 
of triethanolamine. Animals surviving the 
LDs5o dose followed by a rest period showed 
no pathology. Absorption through the skin 
followed the application of large doses. Since 
ethanolamine has a high boiling point and 
a low vapor pressure at ordinary tempera- 
tures, exposure by inhalation is not a likely 


industrial hazard. No maximum allowable 
concentration value for this substance has 
been established. 


Analysis 

Since atmospheric contamination due to 
the vapor of triethanolamine is negligible 
owing to its low volatility, the only likely 
exposure by inhalation is probably related 
to mist. The determination of the amount of 
triethanolamine present in the air may 
therefore be made by trapping the substance 
in measured samples of air by bubbling 
through a fritted glass bubbler containing 
a measured quantity of standard acid, fol- 
lowed by titration. 
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TRINITROTOLUENE (TNT) 


Characteristics 


2,4,6-(a-) Trinitrotoluene, CHsCgHs 
(NOz)s, known commercially as TNT, exists 
as yellow, monoclinic needles which decom- 
pose slowly at 150° C. and explode at about 
310° C. It melts at 80.9° C., has a specific 
gravity of 1.654, and is soluble in alcohol 
and ether. It is insoluble in water. There are 
several isomeric trinitrotoluenes, namely, 
2,3,4-(B-), melting point 112°C.; 2,4,5- 
(y-), melting point 104°C.; 3,4,5-(8-), 
melting point 137.5° C.; 2,3,5-(e-), melting 
point 97.2° C.; and 2,3,6-(y-), melting point 
111° C. The preparation of 2,4,6-(a-) tri- 
nitrotoluene is accomplished by nitration of 
toluene with mixed acid. Commercial a-TNT 
is contaminated by small amounts of the 
isomers 8 and y TNT and traces of dinitro- 
toluene. These by-products depress the melt- 
ing point of the main product and impart 
an objectionable greasy character. They are 
objectionable also because nitro groups in 
the o and 7 position are labile in nature and 
render the material subject to hydrolysis 
with liberation of free nitric acid. The reac- 
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tivity of the undesirable contaminants fa- 
cilitates their efficient removal. On a techni- 
cal scale, yields of purified TNT up to 85 
per cent are obtained exclusive of any useful 
by-products. Commercial TNT is handled 
in blocks. In addition to the explosive char- 
acter of trinitrotoluene and its ability to 
form complexes, its methyl group is very 
reactive to aldehyde reagents. Thus, in the 
presence of the basic catalyst piperidine and 
benzaldehyde, these substances when dis- 
solved in alcohol or benzene condense 
smoothly to form trinitrostilbene. 


Industrial Uses 


2,4,6-Trinitrotoluene is a high explosive 
used in modern ordnance, i.e., as a bursting 
charge in shells, bombs, and mines. Because 
it has a marked deficiency in oxygen, it is 
usually used mixed with substances rich in 
that element. It is the most widely used 
shell-firing explosive and is well suited for 
loading into containers because of its low 
melting point of 80.9° C. Its importance for 
military use comes from its comparative ex- 
cellence in the following respects: its com- 
parative safety in manufacture, transporta- 
tion, and storage; its nonhygroscopic nature; 
its stability in contact with metals; and the 
fact that it is a violent disruptive explosive 


whe 


Toxicity 

Intensive exposure to trinitrotoluene dur- 
ing wartime (according to Hunter, 2) 
showed that it could cause dermatitis, cya- 
nosis, gastritis, acute yellow atrophy of the 
liver, and aplastic anemia. It may enter the 
body by inhalation of fumes or dust, by in- 
gestion, or by absorption through the skin. 
The hands and sometimes the face and hair 
are stained orange in working with TNT. 
Dermatitis arises on the parts exposed, 
namely the hands, forearms, legs, wrists, and 
ankles (3). In these cases, the irritation is 
so intense that removal from work is essen- 
tial. The TNT facies is brought about by 
the combined effects of methemoglobin and 
vasomotor changes. It is characterized by 
pallor with a lilac cyanosis of the lips, 
tongue, lobes of the ears, and curl of the 
helix of the ear (4). It need not be asso- 
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ciated with any symptoms, signs of fatigue, 
or breathlessness and in this way resembles 
aniline absorption. Webster’s test of the 
urine indicates that TNT is being excreted 
in altered form without in any way denoting 
systemic poisoning (5). Breathlessness, con- 
striction felt beneath the sternum, and ma- 
laise are suspicious symptoms; gastric ache, 
anorexia, lassitude, nausea, headache, jaun- 
dice, enlarged liver, and an increase in 
urinary coproporphyrin complete the toxic 
picture. In all cases the liver, bone marrow, 
and vascular endothelium are affected si- 
multaneously by TNT although the degree 
of toxicity is quite variable (6). In some 
cases, the liver is destroyed and to some 
extent the marrow, causing an erythroblas- 
tic response, yet producing little or no 
anemia. In these cases, the vascular endo- 
thelium is damaged sufficiently to produte 
a variable number of petechiae. In other 
cases, the marrow is most heavily affected 
causing a repression of both the erythro- 
poietic and leukopoietic elements. Toxic 
jaundice is a rare complication but it has 
a mortality of 30 per cent, so it must be 
regarded seriously. Aplastic anemia some- 
times occurs but its incidence is very small. 
Peripheral neuritis rarely results from in- 
dustrial exposure to TNT (7). Women have 
been found to be more susceptible to TNT 
than men, and colored people much less 
susceptible than white people. Apparently 
the skin is a significant channel of absorp- 
tion, although the presence of TNT in the 
air would necessitate some absorption by 
respiration. However, von Oettingen and 
his associates (8) found that TNT is readily 
absorbed through the respiratory tract when 
inhaled as dust in addition to absorption 
through the gastrointestinal tract or the 
skin. Skin absorption is, however, of minor 
importance in comparison with the other 
routes. While a field investigation of 250 
men and 103 women in one bomb and shell 
loading plant during World War II revealed 
no severe cases of TNT poisoning (9), 22 
fatal cases occurring in its manufacture are 
reported by McConnell and Flinn (10). 
Hamilton (11) has recently shown that an 
early reaction to trinitrotoluene poisoning 
is a rise in the large mononuclear leukocyte 
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count. The monocyte rise precedes any 
symptoms of illness and is suggested as 
useful in the differential diagnosis of tri- 
nitrotoluene poisoning. Also the level of 
hemoglobin and circulating red cells is 
reduced indicating that TNT acts as an 
hemolytic agent (12). Prevention of illness 
due to TNT exposure and contact is best 
attained by keeping the air free of the com- 
pound by means of ventilation and use of 
respirators, cleanliness of the implements 
used, and cleanliness of the worker by 
making use of protective clothing and by 
particular attention to care of the skin. 


Analysis 

The well-known Webster test (5) for the 
urinary excretion of TNT or its metabolites 
depends upon the color formed when alco- 
holic potash is added to an ethereal extract 
of acidified urine. Methods for the deter- 
mination of small amounts of trinitrotoluene 
as an aerial contaminant have been de- 
scribed by Kay (13) (later modified by 
Cone, 14), by Pinto and Fahy (15), and by 
Goldman and Rushing (16). A more recent 
method for the determination of trinitro- 
toluene has been developed by Cumming 
and Wright (17), which makes use of port- 
able equipment for the direct determination 
of TNT in plant atmospheres. Airborne 
TNT is estimated colorimetrically by ab- 
sorption of the material from a known 
volume of air in a mixed solvent of ethyl 
ketone and cyclohexanone to which a little 
potassium hydroxide solution has been ad- 
ded. The intense red color is estimated by 
comparison with standard tintometer discs. 
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TURPENTINE 


Characteristics 


Turpentine oil, spirits of turpentine, or 
turps, is an oil which is obtained by steam 
distillation of the resinous secretion of the 
conifers. This secretion consists of a solution 
of resins in turpentine oil and the residual 
material from the distillation process in the 
resin colophony. Considerable variation ex- 
ists in the constants reported for turpentine 
oil insomuch as this substance consists of 
a mixture of a number of terpenes—pinene, 
sylvestrene, dipentene, and a host of minor 
constituents. Essentially it is a colorless, 
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volatile liquid, having a density varying 
from 0.856 to 0.87 and a boiling range 
of 155° to 165° C. Turpentine oil in com- 
merce is characterized by the country of 
origin, such as American, French, and 
Greek turpentine oil, with varying constants 
which reflect slight differences in composi- 
tion. A so-called “super” turpentine is ob- 
tained by rectifying below 160° C. and 
consists almost entirely of a-pinene. The 
persistent smell of turpentine is said to arise 
from the peroxides formed in it by autox- 
idation in air. Turpentine oil is almost in- 
soluble in water, but is miscible with abso- 
lute alcohol and ether. It dissolves sulfur, 
phosphorus, and rubber. The chief con- 
stituent of turpentine oil is a-pinene, which 
occurs naturally in both dextro and laevo 
forms; that of American or English origin 
is usually dextrorotatory; and that of 
French origin is laevorotatory. In the 
manufacture of wood turpentine and as 
a result of the destructive distillation of 
turpentine, a certain amount of dipentene, 
C1oH3¢, is produced. Dipentene, which boils 
at 170° to 178° C. in its technical form, is 
an excellent solvent for waxes and some 
bakelites and glyptals and, to some extent, 
for rubber. While it is a much better solvent 
than turpentine, the rate of evaporation is 
somewhat less and it finds its chief applica- 
tion as an anti-skinning agent. 


Industrial Uses 


Very large quantities of turpentine are 
consumed annually in the United States. 
The apparent United States consumption 
for the year 1945-46 was 25,620,750 gallons 
The turpentine produced in the United 
States amounts to more than half of the 
world production. The production of gum 
distilled turpentine amounted to 12,212,600 
gallons whereas that produced from wood 
distillation amounted to 12,193,950 gallons. 
The paint and varnish industry is by far 
the largest user of turpentine. However, a 
substantial amount is used in shoe polish 
and leather dressings and in pharmaceuti- 
cals and chemicals. Turpentine may be 
classed as a better solvent than certain pe- 
troleum solvents but not so good as the hy- 
drogenated petroleum solvents boiling in the 
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range of 150° to 200° C. The aromatic sol- 
vents are also superior to turpentine. While 
turpentine is a good solvent for many resins 
and dissolves most of the varnish resins, 
fossil resins require heat treatment to render 
them soluble in turpentine. Turpentine is 
also a solvent for many of the alkyd resins 
but some synthetic phenolic resins require 
cooking in oil before the addition of turpen- 
tine. Total production in the United States 
amounted to 26,892,000 gallons in 1953. 


Toxicity 


Turpentine exerts both a systemic and an 
irritant action. When ingested, turpentine 
acts as a violent irritant and after absorp- 
tion, apparently has a specific effect on the 
kidneys. The symptoms of systemic poison- 
ing in man are nausea and vomiting, colic 
and diarrhea, painful micturition, hematu- 
ria, glycosuria, and coma. The inhalation of 
turpentine vapor in high concentrations 
causes rapid breathing, palpitation, vertigo, 
convulsions, and other nervous disturbances 
and may be followed by bronchitis and ne- 
phritis. Nephritis may also occur as the re- 
sult of chronic exposure. While turpentine oil 
is used as a rubefacient, it can cause blisters 
after long application and the vesication 
produced is very painful and heals slowly. 
Danbolt and Burckhardt (1) tested 59 in- 
dividuals having a positive skin test to tur- 
pentine and found that laevo a-pinene pro- 
duced a response of the eczematous type, 
while that due to dextro a-pinene was of the 
toxic type. In attempting to explain the 
beneficial effects of turpentine abscesses in 
patients with sepsis, Karreth (2) has shown 
a rapid and large increase in the number of 
leukocytes and reticulocytes following the 
intravenous injection of turpentine and con- 
siders this an expression of the defense mech- 
anism of the body. No industrial poisoning 
from dipentene has been reported, although 
the investigations of Umeda (3) indicate 
that some toxic effects may result from ex- 
posure to dipentene. 

Various reports have been made of chronic 
poisoning due to inhalation of turpentine 
vapor, but investigation of the blood of 
workers has revealed no definite blood dys- 
crasias nor has evidence been found of 
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chronic damage to mild exposure, including 
the incidence of Bright’s disease among 
painters. Smyth and Smyth (4), in testing 
the effect of turpentine on animals at a con- 
centration of 715 parts per million, found 
no significant blood changes nor any pathol- 
ogy indicating that this concentration was 
unsafe. Chapman (5) could find no evidence 
of chronic renal injury in rats exposed to 
the fumes of turpentine over a long period of 
time and concludes that neither turpentine 
nor paint acts as a renal irritant predispos- 
ing the human kidney to glomerular ne- 
phritis. Nelson and his associates (6) found 
that 75 parts of turpentine per million of 
air caused nose and throat irritation in sev- 
eral people and 175 parts per million was 
intolerable to the majority. 


Analysis 


Inasmuch as turpentine, even in the low 
concentrations present as an aerial contami- 
nant, yields colors with various reagents, a 
number of procedures of this type may be 
applied to its detection and estimation, pro- 
vided suitable air samples can be taken. 
Turpentine, for instance, produces color re- 
actions with furfural, salicylic aldehyde, and 
other higher aldehydes in sulfuric acid. 
When turpentine vapors are absorbed in 
sulfuric acid and oxidized by chromic acid, 
the carbon dioxide evolved may be used as 
a measure of the turpentine present. Estima- 
tion may also be made based on the amount 
of color produced. Turpentine also gives an 
initial pink color with vanillin in hydro- 
chloric acid which rapidly changes to a blue- 
green color which is stable after about 30 
minutes. By warming, as small a quantity 
as 0.02 milligram of turpentine may be de- 
tected. Snider (7) has found that steam-dis- 
tilled wood turpentine may be detected when 
present in gum spirits of turpentine by de- 
termining the benzaldehyde present. Benzal- 
dehyde is found only in steam-distilled wood 
turpentine and not in either gum spirits or 
sulfate wood turpentine. 
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VINYL CHLORIDE 


Characteristics 


Vinyl chloride, chloroethylene, CH= 
CHCl, is a colorless gas which condenses be- 
low —13.9°C., freezes at —159.7° C., boils 
at —13.9° C., has a density p 20/20 of 0.9121, 
and a vapor pressure of 2,300 millimeters of 
mercury at 20° C. Its limits of inflammabil- 
ity are 4.0 to 21.7 per cent by volume of air. 
Vinyl! chloride may be prepared by the chlo- 
rination of ethylene followed by the elimina- 
tion of hydrogen chloride. The latter is ac- 
complished industrially by passing the vapor 
of ethylene dichloride over such contact 
catalysts as alumina, activated charcoal, or 
pumice at high temperatures. The process in 
present use for the technical preparation of 
vinyl chloride depends upon the direct ad- 
dition of hydrogen chloride to acetylene in 
the presence of mercury salts. All compounds 
containing the vinyl group CH.—CH— 
polymerve readily. Viny] chloride polymer- 
izes on exposure to sunlight and in the pres- 
ence of peroxides and catalytic substances. 
The polymers are unusually strong and re- 
sistant to water. These polymers are thermo- 
plastic but require the addition of plasti- 
cizers in order to speed the softening rate 
and prevent decomposition. Polymerization, 
which is activated by the molecular absorp- 
tion of energy, proceeds rapidly with the 
formation of chain products which may be 
interrupted by ring-closure of the two end 
molecules, by union with the second chain, 
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or by the addition of a foreign substance. 
As a consequence a large number of poly- 
mers and copolymers having a wide range 
of physical properties has received industrial 
attention. The range of the vinyl chloride 
polymers is increased by copolymerization 
with vinyl acetate in which the viny] chlo- 
ride content varies from 85 to 95 per cent 
and the molecular weight from 8,500 to 
23,000. Polyvinyl chloride forms a series of 
thermoplastic resins having many of the 
properties of rubber when modified by vari- 
ous plasticizers. These substances are proc- 
essed similarly to rubber although they 
require no vulcanization. The plasticized 
polyvinyl! chloride resins do not deteriorate 
on contact with air, light, or ozone. They are 
also moisture resistant and not affected by 
immersion in strong mineral acids or strong 
alkalies. 


Industrial Uses 


The copolymers of viny] acetate and vinyl 
chloride have found extensive use as litho- 
graphic varnishes and enamels and coatings 
for all types of bases, such as cloth, silk, and 
paper. Polyvinyl chloride has been used as 
a rubber substitute in many industries, being 
applied mostly in solution form (1). The 
plastics igelite and vinylite are polymeriza- 
tion products of vinyl! chloride and are used 
for insulating cables, making X-ray films, 
and foils. In addition to wire and cable coat- 
ing material, the polyvinyl resins have re- 
ceived extensive application as liners for 
tin cans and have practically displaced all 
other plastics in safety glass for automobiles 
(2). Vinyl chloride is also used as a refrig- 
erant. 


Toxicity 

Patty, Yant, and Waite (3) investigated 
the physiological properties of vinyl chloride 
and found that it is less harmful than carbon 
tetrachloride and chloroform and is similar 
in action to ethyl chloride. The symptoms 
produced by inhalation exposure are prin- 
cipally those of narcosis. The respiration 
varies from an initial rapid, jerky type to a 
later slow, shallow type. While very high 
concentrations of 20 to 40 per cent by vol- 
ume will kill guinea pigs in a short period 
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of time, 0.5 per cent may be breathed for 
several hours without acute disturbances of 
a serious nature. Vinyl chloride does not 
possess warning properties of the odor or 
irritation type, but in high concentrations 
(5 per cent) gives warning by producing 
symptoms of dizziness and disorientation in 
advance of any harmful effects. 


Analysis 


No method has been developed specifically 
for the determination of low concentrations 
of vinyl chloride as an aerial contaminant. 
The usual procedures for the determination 
of chlorinated hydrocarbons could be ap- 
plied, however, in the absence of interfering 
or complicating substances. Patty and his 
associates (3) used an explosion pipette 
(with electrolytic gas to energize the explo- 
sion), followed by absorption of the explo- 
sion products. 
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XYLENE 


Characteristics 


Xylene, xylol, dimethylbenzene, 
CeH4(CHs)2, 


is a homologue of benzene. It exists in three 
forms—the o, m, and p. As used commer- 
cially, xylene is a mixture of the three with 
the m-xylene predominant. The first two 
isomers are colorless liquids, while p-xylene 
is a solid consisting of colorless monoclinic 
crystals. All are insoluble in water but solu- 
ble in alcohol or ether. The highest fraction 
of “light oil” obtained from the distillation 
of coal tar contains the xylenes. The follow- 
ing physical characteristics serve to differ- 
entiate the isomeric forms of xylene: Boil- 
ing point: o-, 144.05° C.; m-, 139.30° C.; p-, 
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138.40° C. Melting point: O-, —25° C.; m-, 
—47.4° C.; p-, 13.35° C. Density p 20/4: o-, 
0.88011; m-, 0.86407; p-, 0.86100. Index of 
refraction n 20/pD: o-, 1.50547; m-, 1.49749; 
p-, 1.49615. Vapor pressure in millimeters of 
mercury at 20°C.: 0-, 10; m-, 6.4; p-, 16.4. 
The flash point of commercial xylene is 27 

C. With picric acid, xylene forms picrates 
as follows: o-, melting point 88.5° C.; m-, 
melting point 90 to 91.5°C.; p-, melting 
point 90.5° C. p-Xylene may be separated 
from m-xylene by high vacuum distillation 
and in the presence of o- and m-xylene may 
be determined by the freezing point method. 
All three of the xylenes are soluble in methyl 
nitrite even at —20° C. and in aniline at 20° 
C. Oxidation with KMn0O, in case of o-xy- 
lene yields phthalic acid, with m-xylene, it 
yields zsophthalic acid, and with p-xylene, 
it yields terephthalic acid. 


Industrial Uses 


The coke oven production of xylene in the 
United States during 1944 amounted to 
8,669,000 gallons. However, total allocation 
of xylene for the twelve month period July 
1, 1944 to June 30, 1945 amounted to 
95,770,000 gallons (1). Production of p-xy- 
lene in 1954 amounted to 59,188,000 pounds. 
Important uses for xylene include aviation 
gasolene blends, protective coatings, medici- 
mals, inks, dyes, intermediates, adhesives 
and cements, and cleaning fluids. 


Toxicity 


The hazards of xylene and toluene in- 
clude: acute poisoning through breathing 
the fumes or vapors; chronic poisoning 
through respiration of small concentrations 
of the fumes or vapors over a long period 
of time; dermatitis due to the action of the 
solvents; and fire and explosion. The data 
presented in the literature of industrial hy- 
giene with reference to the relative toxicities 
of benzene, toluene, and the xylenes do not 
show sufficient clear cut differences to permit 
any accurate evaluation of their relative 
toxicities. On the one hand, benzene is gen- 
erally assumed to have higher toxicity than 
its methyl homologues (2). However, the 
inhalation experiments of Lehmann (3) 
showed xylene to be less toxic than toluene 
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but both homologues to be more toxic than 
benzene. Later experiments by other investi- 
gators have indicated a different compara- 
tive evaluation. In general, the symptoms 
produced by xylene resemble those of ben- 
zene and toluene. There is no marked differ- 
ence in anesthetic effect but probably a more 
marked irritant action. While blood damage 
occurs in chronic or subacute poisoning, the 
white cells are not greatly decreased. Mild 
anemia and some enlargement of the liver 
have been noted with reference to prolonged 
exposure. 


Analysis 


No single method has proved particularly 
reliable for the detection of xylene and in 
order to identify the isomeric forms of xy- 
lene, extensive chemical examinations, such 
as nitration, sulfonation, oxidation, or 
bromination, are necessary with chemical 
identification of the end products of these 
reactions. The butanone method described 
by Yant, Pearce, and Schrenk (4) may be 
applied to the quantitative estimation of 
xylene as an aerial contaminant. It may 
also be estimated by adsorption on air- 
equilibrated charcoal or on silica gel. 
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XYLIDINE 


Xylidine, c,c-dimethylaniline, aminodi- 
methylbenzene, CgHs ( CHs) 2-NHp, exists as 
six possible isomers, all of which are liquids 
above 20° C., excepting 3,4-xylidine (3,4- 
dimethylaniline). The physical properties 
of these six isomers are briefly summarized 
in Table 13. 


The nitration of crude xylene in industry 
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yields a mixture of nitroxylenes which, when 
reduced, yields a mixture of a number of 
xylidines. The chief constituent of the mix- 
ture is 2,4-xylidine, which is present to the 
extent of as much as 60 per cent, and of 
2,5-xylidine, which may occur to the extent 
of 20 per cent. These two components of the 
mixture are also technically the most impor- 
tant, and they are used in the manufacture 
of azo dyes. The separation of the various 
xylidines is effected by crystallization of the 
hydrochlorides or by taking advantage of 
the solubility relationships of the sulfonic 
acid derivatives. These amines are sparingly 
soluble in alcohol and in ether. With strong 
mineral acids, as indicated above, they form 
salts which are more or less soluble in water. 


Industrial Uses 


The production of o- and p-xylidines dur- 
ing 1945 in the United States amounted to 
92,000 pounds, while other mixed xylidines 
were produced to the extent of 378,000 
pounds in the same year; in 1954 production 
was 485,000 pounds. In addition to the use 
of the xylidines for the manufacture of dye- 
stuffs, particularly azo dyes, these sub- 
stances attained some importance in World 
War II as a possible substitute or in con- 
junction with tetraethyl lead in blended 
gasolene. 


Toxicity 

The literature concerning the toxicity of 
xylidine was somewhat meager prior to 
World War II. According to Flury and 
Zernik (1), xylidine is qualitatively similar 
to aniline in its toxic effects. Von Oettingen 
and his associates (2) found that the vapors 
of xylidine are about twice as toxic as those 
of aniline, based on determination of the 
LD; for mice following inhalation. These 
investigators report that xylidine is a toxic 
substance which may cause injury to the 
blood and especially the liver without neces- 
sarily causing such alarm signals as the 
cyanosis, headache, and dizziness which 
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ee er ee ee eee 
Melt- Boil- Index 
Xylidine Isomer ing | _ing of Re- 


Point| Point | Density frac- 
eC. 





2,3-Xylidine | Liquid 223 |0.991 1.570 
3,4-Xylidine | Solid [51 | 226 |1.076 
2,4-Xylidine | Liquid 216 |0.974 20/4/1.559 
2,5-Xylidine | Liquid |15.5| 217 |0.98018° 
2,6-Xylidine | Liquid 220 |0.979 1.561 
3,5-Xylidine | Solid 221 (0.972 1.558 


characterize aniline poisoning. A significant 
increase of methemoglobin was noted in cats 
and mice, whereas the methemoglobin level 
was but slightly affected in other animals. 
Cutaneous application of xylidine in the 
case of cats caused progressive depression of 
the central nervous system, incoordination, 
loss of appetite, vomiting, and jaundice. 
While the concentration of xylidine vapor 
in the air from xylidine-blended gasolines 
is lower than might be expected and the dan- 
ger of acute xylidine poisoning from this 
source appears to be remote, any sludge re- 
maining following the evaporation of gaso- 
line can cause injury. Continued skin con- 
tact with xylidine-blended gasoline should 
be avoided and garments soiled with this 
material should be discarded. No threshold 
limit value for xylidine has so far been estab- 
lished. 


Analysis 


Xylidine vapor in air may be determined 
by absorption spectroscopy, by nessleriza- 
tion, or by diazotization and coupling with 
H-acid (2). Xylidine present in biological 
fluids may be separated by steam distillation 
and subsequently determined by diazotiza- 
tion and coupling with H-acid (2). 
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Conversion Table for Gases: Parts per Million Versus Milligrams per Liter’ 





Molecular 
Weight 


—————_q“§— | ooem| um | | ———_—___—__—_—_———_ 


0.00413 





1 Mg./L. 


p.p.m. 


24,450 
12,230 
8,150 
6,113 
4,890 
4,075 
3,493 
3,056 
2,717 
2,445 
2,223 
2,038 
1,881 
1,746 
1,630 
1,528 
1,438 
1,358 
1,287 
1,223 
1,164 
1,111 
1,063 
1,019 
978 
940 
906 
873 
843 
815 
789 
764 
741 
719 
699 
679 
661 
643 
627 
611 
596 
582 
569 
556 
543 
532 
520 
509 
499 
489 
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TABLE I 


[25° C. and 760 mm. mercury, barometric pressure.] 


Wor 


0.0000409 
.0000818 
.0001227 
-0001636 
-0002045 
.0002454 
-0002863 
-000327 
-000368 
-000409 
000450 
-000491 
000532 
-000573 
-000614 
.000654 
-000695 
-000736 
-000777 
.000818 
000859 
-000900 
.000941 
-000982 
-001022 
-001063 
-001104 
.001145 
-001186 
.001227 
.001268 
-001309 
-001350 
-001391 
.001432 
.001472 
.001513 
-001554 
-001595 
.001636 
.001677 
-001718 
-001759 
-001800 
-001840 
-001881 
-001922 
-001963 
002004 
-002045 





Molecular 
Weight 





1 Mg./L. 
p.p.m. 


479 
470 
461 
453 
445 
437 
429 
422 
414 
408 
401 
394 
388 
382 
376 
370 
365 
360 
354 
349 
344 
340 
335 
330 
326 
322 
318 
313 
309 
306 
302 
298 
295 
291 
288 
284 
281 
278 
275 
272 
269 
266 
263 
260 
257 
255 
252 
249.5 
247.0 
244.5 


?U.S. Bureau of Mines, Technical Paper 248 (1921). 
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a 


0.002086 
.002127 
.002168 
.002209 
.002250 
.002290 
-002331 
.002372 
.002413 
-002554 
.002495 
.00254 
.00258 
00262 
.00266 
00270 
-00274 
.00278 
00282 
.00286 
.00290 
.00294 
-00299 
-00303 
-00307 
-00311 
.00315 
-00319 
-00323 
00327 
-00331 
-00335 
00339 
-00344 
00348 
-00352 
-00356 
00360 
-00364 
.00368 
.00372 
00376 
-00380 
-00384 
00389 
00393 
00397 
-00401 
-00405 
-00409 


Molecular 
Weight 





-00417 
-00421 
.00425 
-00429 
-00434 
-00438 
.00442 
00446 
-00450 
.00454 
-00458 
-00462 
-00466 
-00470 
.00474 
-00479 
-00483 
.00487 
-00491 
-00495 
.00499 
-00503 
-00507 
-00511 
-00515 
-00519 
-00524 
-00528 
-00532 
-00536 
-00540 
-00544 
-00548 
-00552 
-00556 
-00560 
-00564 
-00569 
.00573 
.00577 
-00581 
-00585 
.00589 
-00593 
-00597 
-00601 
-00605 
-00609 
-00613 
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TABLE I 
Conversion Table for Gases: Parts per Million Versus Milligrams per Liter'—Continued 
[25° C. and 760 mm. mercury, barometric pressure.] 


Molecular 1 Mg./L. 1 p.p.m. Molecular 


Weight plp.m. g./L. Weight ; tee wo Mec - pte Me S 
NOs. 161.9 0.00618 PUI eke 121.6 0.00822 || 251....... 97.4 0.01027 
Veo ae 160.9 -00622 PAPE See ay 121.0 -00826 || 252....... 97.0 .01031 
15S a 159.8 00626 | 208....... 120.4 .00830 || 253....... 96.6 .01035 
1 Ae ce 158.8 .00630 PAD Be acti ee 119.9 .00834 || 254....... 96.3 .01039 
ADOC es 157.7 .00634 ZOO ces ce 119.3 -00888 7°255....... 95.9 .01043 
ti See 156.7 .00638 SG Fe og ore 118.7 .00843 || 256....... 95.5 .01047 
Ly Mee 155.7 BOOGS2 2 PLU Cece ates 118.1 .00847 2Ol en er 95.1 .01051 
Le 154.7 .00646 || 208....... 117.5 .00851 BOS Seer ate 94.8 .01055 
13%... 153.7 [00650 Mle Z00 nc =. 117.0 .00855 | 250....... 94.4 .01059 
GUN Saeed 152.8 .00654 PAL URE dines 116.4 .00859 || 260....... 94.0 .01063 
103) Sees 151.9 .00658 7A W oe nae 115.9 .00863 261 eee 93.7 .01067 
iY ie aid 150.9 .00663 PAW ps eh ht 115.3 .00867 7.1 ee. 93.3 .01072 
LOS eee. 150.0 .00667 AAW TGS ae 114.8 .00871 Abo mee icee 93.0 .01076 
12 es area: 149.1 .00671 DAA ein ratcts 114.3 .00875 || 264....... 92.6 .01080 
TBD: veces 148.2 5O0061D. 8218.46... 113.7 (008799 22605. 00-52 92.3 .01084 
LOBE. cas 147.3 .00679 PAN fs, Soaps 113.2 .00883 26 rohit te 91.9 .01088 
HY (eee 146.4 .00683 PAW IE? os Bey 112.7 .00888 || 267....... 91.6 .01092 
Ul oa 145.5 .00687 PALE 6 unter 112.2 .00892 || 268....... 91.2 .01096 
169% 3 ce. 144.7 .00691 PANU rete LEG .00896 | 269....... 90.9 .01100 
TORS; 143.8 .00695 || 220....... Lil .00900 || 270....... 90.6 .01104 
tly ge cee 143.0 .00699 De eee ce 110.6 .00904 rh Mes 2 Site, te 90.2 .01108 
| ye eee 142.2 -00703 PIP) Er keer 110.1 .00908 || 272....... 89.9 .01112 
1 8. ee 141.3 .00708 PP Se Ae 109.6 00012 4 213. e225 + 89.6 .01117 
ye ae 140.5 AUG BRS p's, bore 109.2 .00916 || 274....... 89.2 .01121 
14h ee 139.7 ROUT IGM Mi 220.5. 0.3 - 108.7 ,00920 Fle2iOone 88.9 .01125 
CG eee 138.9 .00720 | 226....... 108.2 .00924 || 276....... 88.6 .01129 
LK (eae 138.1 .00724 PE bo aden te 107.7 CO002R Sl ds 20 88.3 01133 
ih toe 137.4 Tee E. Aatas nce si 0. 107.2 .00933 21 Sven <i 87.9 01137 
470...,7..| 136.6 .00732 | 229....... 106.8 .00937 PA Wat eres 87.6 01141 
BOM cs ss 135.8 007eG. £.230.......; 106.3 .00941 ZOU BM ee 87.3 01145 
LBL Gta. 6 135.1 .00740 || 231....... 105.8 ,00045 9 281 | .:.552 87.0 01149 
Ub Y Ree 134.3 -00744 || 232....... 105.4 .00949 || 282....... 86.7 01153 
WSSeee: . 133.6 .00748 || 233....... 104.9 .00953 || 283....... 86.4 01157 
1S4e7 7.7. 132.9 .00753 7240 Bee eee 104.5 .00957 || 284....... 86.1 01162 
RSD oe eats 132.2 .00757 Oise ysis 104.0 .00961 2e0t cea vee 85.8 01166 
186322055 % 131.5 .00761 DOO Fics 103.6 .00965 || 286....... 85.5 01170 
1Sinc 130.7 .00765 || 237....... 103.2 .00969 || 287....... 85.2 01174 
BES ae ans 130.1 .00769 PO Lopes 102.7 00073) 1 286-05... - 84.9 01178 
20 Fein 6 oe 129.4 .00773 y-\) Bee eae 102.3 .00978 || 289....... 84.6 01182 
ROU tee ee 128.7 .00777 AO Soe 101.9 .00982 || 290....... 84.3 01186 
19D 4557s 128.0 .00781 PA sk eae 101.5 .00986 | 291....... 84.0 01190 
1022 Ate 127.3 .00785 || 242....... 101.0 .00990 || 292....... 83.7 01194 
106:5.-e°" 126.7 .00789 || 248....... 100.6 .00994 || 293....... 83.4 01198 
LY a re 126.0 .00793 DAA a Norsieis 100.2 .00998 || 294....... 83.2 01202 
NOD cass 125.4 .00798 } 245....... 99.8 [O1002 2 5°2002,;.. >. 82.9 .01207 
OG Rica wie 124.7 .00802 TAGS ovtcieress 99.4 POLOU0 8 200. + -a57' 82.6 .01211 
SRS ae 124.1 WODBOG 5 E287 5 as 073% 99.0 01010 1°207..5.5- 2. 82.3 .01215 
BG so? 123.5 .00810 | 248....... 98.6 .01014 | 298....... 82.0 .01219 
1 ee 122.9 .00814 pSV ee 98.2 {01018 | 209....... 81.8 .01223 





| | 122.3 .00818 | 250....... 97.8 .01022 | 300....... 81.5 .01227 
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Substance 


Acetaldehyde 
Acetone 


Acetonitrile 


Acetophenone 


n-Amy1 alcohol 


n-Amylbenzene 
Aniline 


p-Aminophenol 


Anisole 


Anthracene 


Azobenzene 


Benzaldehyde 
Benzene 


Benzidine 


Benzoic acid 


Benzyl alcohol 
Benzyl chloride 
Benzyl cyanide 


Table II 


Some End Products of Detoxication of Certain Compounds 
of Industrial Interest* 


Urinary Metabolites 





Acetic acid 

50% or more unchanged in 
the urine 

Thiocyanic acid and formic 
acid 

Phenylmethylearbinol glu- 
curonide 35.7%; hippuric 
acid 24.3%; mandelic acid 
and phenylmethylearbinol 
(small amounts) 

6.7% conjugated with glu- 
curonic acid 

Benzoic acid 

p-Acetoamido- and p-amino- 
glucuronide 10-15%; o- and 
p-aminophenol as sulfate 
esters 28%; free aniline 
6.5%; a labile glucuronide 
50% 

As the o-sulfate ester 20%; 
A moderate amount of 
o-glucuronide 

p-Methoxyphenol conjugated 
with glucuronic and sul- 
furic acids; conjugated 
o-methoxyphenol; uncon- 
jugated phenols 

1,2-Dihydroxy -1,2-dihydro- 
anthracene and its glu- 
curonide;  1-anthrylmer- 
capturic acid and possibly 
9,10-anthraquinone. 

Hydrazobenzene; Aniline 
free, and probably in con- 
jugation 

Hippuric acid; benzoic acid 

Phenol 23.5%; quinol 4.8%; 
catechol 2.2%; hydroquinol 
0.3%; phenylmercapturic 
acid 0.5%; trans-trans-mu- 
conic acid 1.3%; eliminated 
unchanged through the 
lungs 438%; as COz 1.5% 

3-Hydroxybenzidine mainly 
conjugated with sulfuric 
acid 

Hippuric acid 77%; benzoyl 
glucuronic acid 11% 

Hippuric acid 80-90% 

Benzyimercapturic acid 

Benzoic acid: thiocyanates; 
phenolic substances 


Substance 


Bromobenzene 


n-Butanol 
Butan-2-ol 
n-Butylbenzene 


Carbon tetrachlo- 
ride 


Chlorobenzene 


o-Chlorophenol 


o-Cresol 


Cyclohexane 
DDT 


4 ,6-Dinitro-o- 
cresol 


Diphenyl 
Diphenyl ether 


Ethanol 


Ethylbenzene 


*By Dr. Louis J. Sciarini, Yale University Medical School. 
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Urinary Metabolites 





Glucuronide 40%; ethereal 
sulfate 37%; mercapturic 
acid 21%; bromocatechol 
28% of the dose 

1.8% of dose conjugated with 
glucuronic acid 

14.4% conjugated with glu- 
curonic acid 

Phenylacetic acid 

51% of absorbed (C1*) CCl, 
eliminated by the lung: 
Remainder mainly in urine 
and feces 

Mainly chlorocatechol con- 
jugated with glucuronic 
and sulfuric acids; p-chlo- 
rophenylglucuronide; _ _p- 


chloromereapturic acid; 
3,4-dihydro-3, 4-dihy- 
droxybenzene 


Conjugated with glucuronic 
and sulfuric acids; chloro- 
catechol 2.1% of dose 

65-72% as glucuronide; 10- 
15% as ethereal sulfate 

Adipic acid 

Di-(p-chlorophenyl) 
acid 

6 - Acetoamido -4-nitro-o-cre- 
sol conjugated 1%; Traces 
of 4-amino-6-nitro-o-cresol 
and 3-amino-5-nitrosali- 
cylic acid 

4-Hydroxydiphenyl 

p-Hydroxyphenyl ether; 
Small amounts of di-(p- 
hydroxyphenyl) ether con- 
jugated with sulfuric acid 
12%, with glucuronic acid 
63% 

Acetaldehyde; acetic acid: 
COs and H20. 0.5% con- 
jugated with glucuronic 
acid; not more than 2% 
eliminated undecomposed 

Hippuric acid: benzoic acid; 
methylphenylearbinol con- 
jugated with glucuronic 
acid; mandelic acid; 32% 
of dose conjugated with 
glucuronic acid 


acetic 


Substance 


Ethylene glycol 


Formaldehyde 
Furfural 
Heptan-4-ol 
n-Hexadecyl 
alcohol 
Hydroxylamine 
Methanol 
Methyl chloride 
Methy] ethyl 


ketone 


Naphthalene 


a-Naphthylamine 


6-Naphthylamine 


Naphthol 


Nicotine 
Nitrobenzene 


Nitroethane 


o-Nitrophenol 


n-Octyl alcohol 
Pentan-2-ol 


Phenanthrene 
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Table II—Continued 


Urinary Metabolites 





Oxalic acid 

Formic acid 

Pyromucic acid; Furoylgly- 
cine and furylacrylogly- 
cine 

67.4% conjugated with glu- 
curonic acid 

Palmitic acid 


Traces of nitrite 

Formaldehyde; formic acid; 
CoO; and H.O 

Formic acid 

Conjugated with glucuronic 
acid; 30% excreted un- 
changed in the urine 

a-Naphthol free and in conju- 
gation with glucuronic and 
sulfuric acids; naphthalen- 
diol; 1,2-Dihydro-2-hy- 
droxy-1-naphthylglucu- 
ronide 

a-Aminonaphthol conjugated 
with glucuronic and to a 
small extent with sulfuric 
acid 

2-Acetamido-6-hydroxy- 
naphthalene; 2-amido-1- 
naphthylsulfuric acid; 2- 
acetylamino-6-hydroxy- 
naphthalene; 2-amino- 
naphthol as ethereal sulfate 

2-Naphthylsulfuric acid; 
1-Naphthylglucuronide 

Nicotinic acid 

m- and p-Nitrophenol con- 
jugated with glucuronic 
and sulfuric acids in large 
amounts; o-Nitrophenol; 
4-nitrocatechol; aniline; o0-, 
m- and p-aminophenol 

Acetaldehyde; nitrite; ni- 
trate 

o-Nitrophenol conjugated 
with glucuronic acid 71% 
and with sulfuric acid 11%; 
o-aminophenol 3% 

Conjugated with glucuronic 
acid 9.5% 

Conjugated with glucuronic 
acid 44.8% 

trans-9,10-dibydroxyphen- 
anthrene; laevo-trans-1,2- 
dihydroxyphenanthrene 


Substance 





Phenol 


Phenylacetic acid 


Phenylethyl 
ketone 

Picric acid 

Propanol 


tsoPropyl] alcohol 


n-Propylbenzene 


tsoPropylbenzene 


Propylene glycol 


Pyridine 


Pyrogallol 
Resorcinol 
Thiophene 
Thiourea 
Toluene 


p-Toluidine 
Trichloroethylene 


2,4,6-Trinitro- 
toluene 


Thymol 


p-Xylene 


363 


Urinary Metabolites 





Phenylglucuronide 40-50%; 
phenylsulfuric acid about 
45%; quinol 10%; catechol 
0.5-1% 

Phenaceturic acid; phenyl- 
acetylglucuronide; phen- 
acetylglutamine 

Benzoic acid 


4,6-Dinitro-2-aminophenol 
and a red pigment 

Conjugated with glucuronic 
acid 0.9% 

Acetone; conjugated with 
glucuronic acid 10.2% 

Hippuric acid; conjugated 
with glucuronic acid 30%; 
conjugated with sulfuric 
acid 2% 

Conjugated with glucuronic 
acid 68% and with sulfuric 
acid 1% 

Propylene _ glycol 
ronide; lactic acid 

Methylpyridium hydroxide 
conjugated with sulfuric 
and glucuronic acids 

Ethereal sulfates; As a mono- 
glucuronide 

Monoglucuronide 
monosulfate 13.5% 

Probably thioylmercapturic 
acid 

Excreted unchanged 

Hippuric acid 70-80% 

p-Aminobenzoic acid 

Trichloroethanol glucuron- 
ide in large amount; tri- 
chloroacetic acid 

2,6-Dinitro-4-hydroxyl- 
aminotoluene; 2,6-dini- 
tro-4-aminotoluene; 2,4- 
dinitro-6-aminotoluene 

Thymolglucuronide; thymol- 
ethereal sulfate; ethereal 
sulfate of thymohydro- 
quinone. 

p-Toluic acid 68%, chiefly 
as glycine conjugate. Small 
amounts free or conjugated 
with glucuronic acid 


glucu- 


43%; 


ee te a SI TEES TRO atc) a ee 
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TABLE III 
Threshold Limit Values 


Values are given in the following tabulation for the maximum average atmospheric con- 
centration of contaminants to which workers may be exposed for an 8-hour working day 
without injury to health. 

These values are based on the best available information from industrial experience, from 
experimental studies, and, when possible, from a combination of the two. They are not fixed 
values, but are reviewed annually by the Committee on Threshold Limits for changes, 
revisions, or additions as further information becomes available. Threshold Limits should 
be used as guides in the control of health hazards and should not be regarded as fine lines 
between safe and dangerous concentrations. They represent only conditions under which it 
is felt workers may be repeatedly exposed, day after day, without adverse effect on their 
health. The figures listed refer to average concentrations of an 8-hour working shift rather 
than a maximum whichis not to beexceeded even momentarily. The amount by which these 
figures may be exceeded for short periods during the working day depends upon a number 
of factors, such as the nature of the contaminant, whether very high concentrations even 
for short periods produce acute poisoning, whether the results are cumulative, the fre- 
quency with which high values occur and for what periods of time. All must be taken into 
consideration in arriving at a decision as to whether a hazardous situation is deemed to 
exist. 

These values are not intended for use, or for modification for use, in the evaluation or 
control of community air pollution or air pollution nuisances. 


Threshold Limit Values* 


Gases and Vapors PPMt 
PPMt Butyl acetate (n-butyl acetate)....... 200 
AGLAW YG SSS rT So Noe ns Gaviehanka ba 200 Butyl alcohol (n-butanol)............. 100 
ACOtte REI Hep its 5 4 Phere Pedy ves 10 Butylamine... . 225 geass vs nds ean ee 5 
Acetic anhydride. 05000. v5. sees 2% 5 Butyl cellosolve (2-butoxyethanol).... 200 
GRATE, se hes x hx NS ek clan eM 1,000 Carbon: dioxideisiiais/ssads stems «3 5,000 
PA I 2 aoe oe ae 0.5 Carbon. .disulfides.:: 2805, «lige tenn: 20 
CMM MIRILTIO Ws Sie ts Pie wy seins 20 Carbon monoxide..................... 100 
(VG: UES Ee eee re 5 Carbon tetrachloride.................. 25 
Allyl propyl disulfide................. 2 Cellosolve (2-ethoxyethanol).......... 200 

AO eae Pe ces banithes 100 Cellosolve acetate (hydroxyethyl ace- 

MGW MONEREOT. 6.2 2.7 ven. eu te 200 ALG ids eke 6X ves it tc Pea 100 
Amy] alcohol (tsoamyl alcohol)....... 100 Ohiovine 7... oue'. Aten utielad eee 1 

aerate es 5) A as 5 Chiorine trifluoride:i; 26>. seo 0.1 
LS SL Eee nets eee near 0.05  Chlorobenzene (monochlorobenzene).. 75 
Pensene: (Pensol) 5. 50s. ee ee 35 Chloroform (trichloromethane)........ 100 
Pasay ebloniae AiG Se cae 1 1-Chloro-1-nitropropane............... 20 
PPOMIEN A Pt Vs rei vacates read 1 Chloroprene (2-chlorobutadiene) ...... 25 
Butadiene (1,3-butadiene)............ 1,000 Cresol (all isomers)................... 5 
Butanone (methyl ethyl ketone)...... 250 Cyclohexané.3.):25 380 viet eee 400 
a Cyclohexanol i. made 27. +k ee 100 
opted at the Eighteenth Annual Meeting Cyclohexanone.................. 100 
of the American Conference of Governmental In- Cyclohexene.......................... 400 
dustrial Hygienists, Philadelphia, April, 1956. Cyclopropane............ . : . . . . 400 

Reprinted from the A. M. A. Archives of Indus- Diacetone alcohol (4-hydroxy-4-meth- 

trial Health, June 1955, Vol. 11, pp. 521-524. ylpentanone-2) . 50 

Courtesy of Mr. Allan L. Coleman, Chairman of Diborane....................... 0.1 
a sam 2 on Threshold Limits. o-Dichlorobenzene. . . . . | . . 50 
ala vapor or gas per million parts of air, Dichlorodifluoromethane iW wah x ee ehIoen 1,000 
: 1,1-Dichloroethane................... 100 


Sy = 
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PPM 

1,2-Dichloroethylene.................. 200 
Dichloroethyl ether....../............ 15 
Dichloromonofluoromethane........... 1,000 
1,1-Dichloro-1-nitroethane............ 10 
Dichlorotetrafluoroethane............. 1,000 
nT 25 
Difluorodibromomethane.............. 100 
Dissobutyl ketone.................... 50 
Dimethylaniline (N-dimethylaniline). . 5 
Dimethylsulfate...................... 1 
Dioxane (diethylene dioxide).......... 100 
PUBMENMEOGTALS. (2 06. cc hs. ea kee. 400 
Ethyl alcohol (ethanol)............... 1,000 
NUN IN  5l Sa vc ewe sandy se « 25 
PETA RMONG,, «5 2s Shawihye sc os. oo x 200 
Ethyl bromide.......%............... 200 
PA CA 1,000 
OS SS CS ee, a Sete 400 
PRU TMOTINELE olin eh Se RPP. 100 
POM VAIMULICALG. 2. F ee. ne 2 100 
Ethylene chlorohydrin................ 5 
Ethylene diamine.............. Sie hae 10 
Ethylene dibromide (1,2-dibromo- 

MONMEEED GGaee ue. 3. Sees es es 25 
Ethylene’ dichloride (1,2-dichloro- 

ot Sl 100 
OO re 5 
Ethylene oxide........ eee 100 
Uy Pee PO Se Ae a 0. 
Fluorotrichloromethane............... 1,000 
Pormalgenyde os 30% os... cae... 5 
RIBNOUIIOU ey. 5 See caren cis «2 500 
Heptane (n-heptane).................. 500 
FASSaNG (N-HEXANG) fon on. es bons oe ss 500 
Hexanone (methyl butyl ketone)...... 100 
Hexone (methyl isobutyl ketone)...... 100 
Eat 1 UC es Sere A ee 1 
Hydrogen bromide.................... 5 
Elydrogen ctileride?.2).-.....:........ 5 
iiydrogen cyanide... 7. ............. 10 
Hydrogen fluoride.................... 3 
Hydrogen peroxide, 90%.............. 1 
Hydrogen selenide: ..........4........ 0.05 
Hydrogen sulfide. .................... 20 
Re ec n cs tenia aay Siete <x 0.1 
ASS OE he a an ae 25 
EST age ae ei ean ee 50 
MPN UOUBLG foc Fe ots he op ves 205% 200 
Methyl acetylene..................... 1,000 
Methyl alcohol (methanol)............ 200 
oh eee 20 


Methy! cellosolve (methoxyethanol)... 25 
Methyl cellosolve acetate (ethylene 
glycol monomethy] ether acetate). 25 
Methyl chloride..................++-. 100 
Methylal (dimethoxymethane)........ 1,000 


PPM 

Methyl chloroform (1,1,1-trichloro- 

NPI P95 el Mirth, Si Ok Jane 500 
Methyleyclohexane................... 500 
Methyleyclohexanol................... 100 
Methylcyclohexanone................. 100 
Methyl formate...................... 100 
Methyl zsobutyl carbinol (methyl amyl 

Blcohal) 5. 2c... Aa ts. 5. ss. os 25 
Methylene chloride (dichloromethane). 500 
Naphtha (coal tar)............. os 200 
Naphtha (petroleum)................. 500 
Nickel Garhonylc is. 6s cocks. 5s 0.001 
PNOGRNEe .. 4. ioc. camer sad 1 
Nitrgheneene so) o) Savitsnt dots Be ene 1 
NIGfORtRANS ey kd ei wes ulo ch ck 100 
Nitrogen: dioxidap dic er ted 4 ok 5 
NIRTORUPCGTIN: 7.5... ete ec oe 0.5 
Nitromethane , ¢ coc5s.. utteen: be ve oas 100 
* Nitropropane: onus. cae eo 50 
PVULTOLO LENE He oboe ie Bt ak 5 
UIGtEN Oe seeieas. See ae Ge 500 
Ome acess 27a. wo Re ee op 0.1 
PON SUNG Pe ck cecuxceos 5, eee 1,000 


Pentanone (methyl propyl ketone).... 200 
Perchlorethylene (tetrachloroethylene) 200 


PRB M Ri. o0765 fun ck eee oe 5 
Phen yinvurasine i500 26.-neeee wena 5 
Phosgene (carbonyl chloride)......... 1 
Phosphite geet. cotter. | led at dae: 0.05 
Phosphorus trichloride................ 0.5 
Propyl cetates.icisa: isso oder os eee 200 
Propyl alcohol (isopropyl alcohol)..... 400 
Te0F ropylamine? «oi... o0.05+.06s cee 5 
Propyl ether (isopropyl ether)........ 500 
Propylene dichloride (1,2-dichloropro- 

DAREN ie cen cuktenccue> pa emee en 75 
Propylene tMine ; 4... . oa. + eee ee 25 
EPCRA Ne ssn 5 ck en a ee 10 
RSET eee ey, ns 9.5.0 oe 5 cera 0.1 
Diibine 25s: hws en eee 0.1 
Beowuard Bol venties cee ne 500 
Styrene monomer (phenyl ethylene)... 200 
Bulfum dioxide: 20 cms.2 aoe eee 10 
Balfur hexafluoride <<... i021 208 eee 1,000 
Sulfur monochloride.................. 1 
Sulfur pentafluoride.................. 0.025 
p-tert-Butyl toluene................... 10 
1,1,2,2-Tetrachloroethane............ 5 
Tetranitromethane.. 220... <.6 ...00 tenn 1 
Toluene (toluol) .. Mie... cbc 0s cakes 200 
De EOF CINO See ees kines hens ea ee 5 
Trehioroethylene: .:: 6s. ais od ae 200 
Trifluoromonobromomethane.......... 1,000 
eT MERION Fr a «coo os wales ean ee 100 
Vinyl chloride (chloroethylene)....... 500 
PEWIRMELS VION 5.5 os ec 2a eet pen Yt 200 
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EEE ee 


a 


Toxic Dusts, Fumes and Mists Mg. per Cu. M. 
Mg. perCu.M. Phosphorus (yellow).................. 0.1 
Aldrin (1,2,3,4,10,10-hexachloro-1,4, Phosphorus pentachloride............. 1 
4a.,5,8,8a-hexahydro-1,4,5,8-di- Phosphorus pentasulfide «ss sainnne eats 1 
We thancnaphibaleiaien a ee 0.25 Picric BOI... ’s'n.cix ce < 3 eae 0.1 
Ammate (ammonium sulfamate)...... 15 Selenium compounds (as Se).......... 0.1 
Antimony, c..f ss.) setae ast Om 0.5 Sodium hy dr OXIdE. ... ss eevee eee e ees 2 
Arsenio.’ ccs cost 6: apa 8 Once 0.5 Sulfuric acid......... +... see eee eee eens t 
Barium (soluble compounds).......... 0.5 TEDP (tetraethyl dithionopyrophos- 
Gadd oxidetanid eae th ; 0.1 phate) 7 :ast05 ls es oe 0.2 
Chlordane (1,2,4,5,6,7,8,8-octachloro- TEPP (tetraethyl pyrophosphate)... 0.05 
3a,4,7,7a-tetrahydro-4,7-methano- Tellurium....... bbe eee eee eees 0.1 
estan a ME Siw eek suka tue 2 Tetryl (2,4,6-trinitrophenylmethylni- 
Chlorinated diphenyl oxide........... 0.5 _ tramine)........--. sees eee sees ees 1.5 
Chlorodipheny] (42% chlorine)........ 1 Titanium dioxidéia,... 0. steiat eee 15 
Pi romic acidsand chromates.(as CrO;) 0.1 Trichloronaphthalene eee ee 5 
Crag herbicide (sodium-2,4-dichloro- Trinitrotoluene Peet. ee ih 
phenoxy ethyl sulfate)............ 15 Uranium 
Cyanide (as. CN). .asepu sans neve cous 5 Soluble compounds................. 0.05 
2,4-D (2,4-dichlorophenoxyacetic acid) 10 Insoluble compounds.-. >..." cae 0.25 
Dieldrin (1,2,3,4, 10, 10-hexachloro-6,7- Vanadium 
epoxy-1,4,4a,5,6,7,8,8a-octahy- V0; Gusto ets 45s ee 0.5 
dro-1l 4 ,5,8-dimethanonaphthalene 0.25 V205 fume ©6166 5:0' 619.66 wie 0:8) sel pile» in earn 0.1 
Dinitrotoluene...................0005. 1.5 Zine oxide fume...................04. 15 
Dinitro-o-aresol!s.0iete. Gael 0.2 Zirconium compounds (asZr).......... 5 
EPN (ethyl-p-nitrophenyl thionoben- Mineral Dusts 
zenephosphonate)................. 0.5 
Ferrovanadium dust.................. 1 nee : ee 
Wioridanamme bce: Set hate bares ay 2.5 UM OX1GG..-. «- lie. 7? eaaniets 50 
Eade tte conc cee a 9 Asbestos ee phe e beldia is dis caalien ee ee ba edens 5 
Tron OMe TUNG «5 54.50.0400 oh eebe ees 15 Dust (nuisance, no free silica). ....... 50 
Te MRM SE Sel oN cela te 0.15 Mica (below 5% free silica)........... 20 
Tindans PhGisitorsayelohexanes rate COMON 6.5. AAG aCe is 50 
aunty ltd. d0 2: 0.5 ‘ale dis spe ik nos «a's god einem ae ale 4 Se ee 20 
Magnesium oxide fume................ 15 once j 
Malathon (0,O-dimethyl dithiophos- High (above 507% free Si0;)......... 5 
phate of diethyl mercaptosucci- Medium (6 to 50% free Si0,)........ 20 
“PORE eine 15 Low (below 5% free Si0s),.......... 50 
BYR etic a, 0 ceca ge ancenbn., 6 Silicon: carbide.,.«.:.« 000 eee 50 
QUE RG 6 io vy ie Cate ee eM ER 0.1 Slate (below 5% free SiOz)............ 50 
Mercury (organic compounds)......... 0.01 Soapstone (below 5% free SiOz)....... 20 
Methoxychlor (2,2-diparamethoxy- Total dust (below 5% free SiOz). ..... 50 
phenyl-1,1,1-trichloroethane...... 15 ; nel 
Molybdenum Radioactivity : For permissible concentrations of 
Soluble compounds................. 5 radioisotopes in air, see “Maximum Permissi- 
Insoluble compounds............... 15 pea mounts os Radioisotopes in the Human 
Parathion  (0,0-diethyl-O-p-nitro- Body and Maximum Permissible Concentra- 
Baie thioshésphatey lee aes. aH aa RS and Water’, Handbook 52, Na- 
Pentachloronaphthalene.............. 0.5 Handboed 66% 1 of Standards (1953); also 
Pentachlorophenol.................... 0.5 ae 


} Millions of particles per cubic foot of air. 


Comparative Toxicities of Various Substances Based upon the LD 


Substance 





Acetic acid 

Acetic anhydride 

Acetanilide 

Acetone 

Acetonitrile 

Acetosalicylic acid 

Acridine 

Acrolein 

Acrylonitrile 

Aldrin 

Allyl alcohol 

m-Aminophenol 

Aminothiazole 

Ammonium sulfamate 

tert-Amyl alcohol 

Aniline 

Antabuse 

Arsenic trioxide 

Benzene hexachloride 

Benzoic acid 

Benzy! alcohol 

Biphenyl 

Boric acid 

Butyl acrylate 

n-Butyl] alcohol 

n-Butylamine 

Butyl ether 

p-tert-Butyltoluene 

Butyric acid 

Carbitol 

Chloroacetamide 

Chloral hydrate 

Chlordane 

Chloroacetic acid, mono- 

Chloroacetic acid, tri- 

1-Chloronitropropane 

p-Cresol 

Crotonaldehyde 

2,4-D 

DDD 

DDT 

Dehydroacetic acid 

Dicumarol 

Dieldrin 

Dimetan 

Diethylamine 

Diethyl] sulfate 

Dimethyl] phthalate 

Dimethyl] sulfate 

4,6-Dinitrobutylphenol 

4,6-Dinitro-o-cresol 

4,6-Dinitrocyclohexyl- 
phenol 


* I, extremely toxic; II, very toxic; III, moderately toxic; IV, slightly to nearly nontoxic. 
367 


TABLE IV 


for Oral Administration to Rats 


Mgs./Kg. 





3310 
1780 


3100 
800 
470 

76 

3320 

50 

1800 
300 
666 

3400 


570 
541 

87 
150 


880 
8200 
440 
60 
30 
180 


Toxicity* 


III 
III 

II 
IV 


IV 
III 
III 
LY, 
III 
III 
III 
II 
II 
III 
III 
IV 
III 
II 


II 





Substance 


2,4-Dinitrophenol 
1,4-Dioxane 
Ethanol 
Ethylacrylate 
Ethylamine 
Ethylenediamine 
Ethylene glycol 
Formaldehyde 
Furfuryl alcohol 
Hexanal 
1-Hexanol 
2-Hexanone 
Hexylamine 
Hydroquinone 
Hydroxyethyleneimine 
isoBornylthiocyanoace- 
tate 
tsoPropyl] alcohol 
Lead arsenate 
Malathion 
Mercuric chloride 
Methoxychlor 
Methy] carbitol 
Methy] iodide 
Methylmethacrylate 
Morpholine 
a-Naphthylthiourea 
Nicotine 
Parathion 
Pentachlorophenol 
Phenol 
Phenothiazine 
o-Phenylphenol 
Phenylthiourea 
o-Phthalic acid 
Piperonyl butoxide 
Propanol-1 
Propionaldehyde 
Pyrethrins 
Pyridine 
Pyrolan 
Quinoline 
Rotenone 
Salicylamide 
Sodium azide 
Sodium fluoride 
Sodium fluoroacetate 
Strychnine 
Tetraethylpyrophosphate 
Thiourea 
Toxaphene 
Triethylamine 
Thallium sulfate 









1830 
69 
460 
15 


Value 


‘Toxicity* 
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Detailed discussions shown by boldface pages numbers 


Abrasives, 12 

Acetaldehyde, 138 
Acetaldehyde phenylhydrazone, 138 
Acetic acid, 140 

Acetic anhydride, 141 
Acetic ether, 236 

Acetone, 142 

Acetony! chloride, 190 
Acetophenone, 144 
Acetylbenzene, 144 

Acetyl chloride, 140 
Acetylene, 269 

Acetylene dichloride, 215 
Acetylene tetrabromide, 336 
Acetylene tetrachloride, 336 
Acetylsalicylic acid, 141 
Acridine, 145 

Acridine orange NO, 145 
Acridine yellow, 145 
Acrolein, 146 
Acrylaldehyde, 146 

Acrylic aldehyde, 146 
Acrylonitrile, 148 

Adenosine triphosphate inhibition, 42 
Adipic acid, 202 

Aerosols, 2 

Agate, 105 

Alizarin, 11, 62, 127 
Alkylbenzenes, 149 

Allanite, 33 

Allyl alcohol, 150 

Allyl bromide, 151 

Allyl chloride, 151 

Alnico alloy, 39 

Aloxite, 12 

Alumina abrasives, 11 
Aluminon, 11 

Aluminosis, 11 

Aluminum, 10 

Alundum, 12 
Aminobenzene, 159 
Aminocyclohexane, 205 
p-Aminodimethylaniline, 60 
Aminodimethylbenzene, 358 
Aminoethoxybenzene, 315 
1-Amino-4-hydroxyanthraquinone, 25 
4-Aminophenetole, 315 

o-, m-, and p-Aminophenol, 152 
4-Aminophenolethyl ether, 315 
2-Aminopyridine, 154 
Ammonia, 13 

Ammonium molybdate procedure, 58 
Ammonium picrate, 323, 324 
Ammonium thiocyanate, 146 
Amphibole, 20 

Amyl acetate, 155 

Amy] alcohol, 157 
Amylene, 271 

Anglesite, 68 

Aniline, 159 

Anthophyllite, 20 
Anthracosilicosis, 105 
Antimony, 14 

Antu, 300 


Apatite, 92 

Arc welding, 85 

Argyria, 109 

Aristol, 63 

Arochlor, 188 

Arsenic, 17 

Arsine, 17 

Asbestos, 19 

Asbestos bodies, 20 
Asbestos dust, microscopy of, 21 
Asbestosis, 20 

Aspergillus fumaricus, 264 
Asphaltum, 168 

Aspirin, 141 

Atebrin, 145 
Aurintricarboxylic acid, 11 
Azimethylene, 207 

Azo dyes, 359 

Azoimide, 54 

Azole, 332 

Azophenol dyes, 317 


Bacillus acetoethylicum,.142 
Bacillus clostridium acetobutylicum, 175 
Bacillus macerans, 142, 175 
Baddeleyite, 136 

Bakelite, 355 

BAL, 69, 110 

Barite, 22 

Baritosis, 22 

Barium, 21 

Bauxite, 10 

Benzal chloride, 344 
Benzene, 161 

Benzene hexachloride, 4, 163 
Benzene monochloride, 191 
Benzidine, 35, 36, 117, 123, 160, 165, 273 
a-Benzil dioxime, 82 
Benzoflavine, 145 

Benzol, 161 

Benzoyl peroxide, 166 
Benzil aniline, 145 

Benzyl chloride, 167 
Benzylpyridine, 330 
Beryllium, 23 

Beryllium copper, 23, 43 
Beryllium fluoride, 24 
Beryllium potassium sulfate, 24 
Beryllium sulfate, 24 
Biotite, 78 

Bismark brown, 320 
Bismuth, 26 

Bismuth nephritis, 26 
Bituminous substances, 168 
Bladder tumors, 160, 166 
Blood, vanadium in, 132 
Boletic acid, 263 

Borax, 28 

Boric acid, 27 

Boron, 27 

Boron carbide, 28 

Boron fluoride etherate, 46 
Boron hydrides, 28 

Boron trifluoride, 28 
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370 


Bromallylene, 151 

Bromine, 29 

Bromobenzene, 161 _ 
p-Bromobenzohydrazide, 145 
Bromoethane, 239 
Bromoform, 170 
3-Bromo-l-propene, 151 
Brucine iodocadmate, 32 
Bush sickness, 39 
1,3-Butadiene, 171 

Butane, 267 

2-Butanone, 172 

2-Butenal, 199 

n-Butyl acetate, 173 

Buty! alcohol, 174 
Butylamine, 176 

Butyl Cellosolve, 246 
Butylene, 271 
n-Butyl-s-hydroxyethyl ether, 246 
1-tert-Butyl-4-methylbenzene, 177 
tsoButyl methyl ketone, 178 
n-Butyl methyl ketone, 178 
p-tert-Butyltoluene, 177 


Cable rash, 188 
Cacotheline, 126 

Cadion, 32 

Cadmium, 30 

Cadmium alloys, 30 
Cadmium oxide dust, 32 
Cadmium oxide fume, 30 
Carbinol, 279 

Carbitol, 220 

Carbolic acid, 316 
Carbomethane, 276 
Carbon dichloride, 338 
Carbon dioxide, 179 
Carbon disulfide, 180 
Carbon monoxide, 182 
Carbon monoxide detector, 183 


Carbon monoxide, poylcythemia from, 183 
6 


Carbon suboxide, 27 
Carbon tetrachloride, 183 
Carbonyl chloride, 185 
Carboxide, 252 
Carcinoma, bladder, 299 
Carnallite, 101 

Cataracts, 210 

Celestite, 110 

Cellosolve, 247 

Cement, hexavalent chromium in, 38 
Cerirouge, 34 

Cerite, 33 

Cerium, 33 

Cerussite, 68 
‘Cesium, 101 


Chemical contitution and physiological action, 3 


Chloracne, 189 
Chlorallylene, 151 
Chloramine, 36 
Chloramine T, 166 
Chlordane, 187 
Chlorex, 216 
Chlorinated diphenyl, 188 
Chlorinated mononitroparaffins, 189 
Chlorine, 35 
Chlorine dioxide, 36 
Chloracetone, 190 
hlorobenzene, 191 
2-Chloro-1, 3-butadiene, 192 
2-Chloro-2-butane, 172 
1-Chloro-2-( B-chloroethoxy)ethane, 216 


INDEX 


4-Chloro-1 ,2-dimercaptobenzene, 126 
Chloroethane, 240 
Chlorethyl alcohol, 242 
Chloroethylene, 356 
Chloroform, 193 
Chloronaphthalene, 188 
Chloronitrobenzene, 195 
Chloropicrin, 196 
Chloroprene, 192 
i-Chloro-2-propanone, 190 
3-Chloropropene, 151 
a-Chlorotoluene, 167 
Chromic acid mist, 37, 38 
Chromite, 37 

Chromium, 37 

Chromium carbide, 37 
Chromium, hexavalent in cement, 99 
Chromium picrate, 323 
Chromium plating, 37 
Chromotropic acid, 127, 219 
Chrysaniline, 145 
Chrysotile, 19 

Chrysotile, birefringence of, 21 
Cobalt, 39 

Cobalt metal dust, 40 
Cobalt oleate, 341 

Cobalt trifluoride, 39 
Codeine sulfate, 104 
Coffee oil, 266 

Collidine, 330 

Colonial spirits, 279 
Columbian spirits, 279 
Columbium, 41 

Contact acid, 116 

Copper, 42 

Copper fever, 43 

Cotton boll weevil, 163 
Crane fly, 210 

Cresol, 198 

Cresylic acid, 198 
Crotonaldehyde, 199 
Cryolite, 45 

Cristobalite, 105 

Cumene, 328 

Cupferron, 66 
Cyclohexane, 200 
Cyclohexanol, 202 
Cyclohexanone, 203 
Cyclohexene, 204 
Cyclohexylamine, 205 
Cyclopropane, 206 
Cysteine, in cobalt poisoning, 40 


2,4-D, 218 
Darmous, 47 
Decaborané, 44 
Decaboron tetradecahydride, 44 
ental caries, 46 
p-Diaminobenzaldehyde, 158 
Diaminobenzene, 318 
4,4’-Diaminobiphenyl, 165 
p-Diaminodiphenyl, 165 
1,2-Diaminoethane, 243 
Diaminophenol (Amidol), 293 
Diatoms, 105, 290 
Diazomethane, 207 
Dibenzoy! peroxide, 166 
Dibenzthiazine, 317 
Dibutyl phthalate, 208 
Dicarboxylic acid, 310 
Dichloroacetic acid, 140 
Dichlorobenzene, 209 


° 
_” 


INDEX 


ee ec epethiane (DDT), 211 
Dichloroethane, 213 

Dichloroethylene, 215 

Dichloroethyl ether, 216 

8,8’-Dichloroethyl ether, 216 
Dichloromethane, 217 
2,4-Dichlorophenoxyacetic acid, 218 
1,2-Dichloropropane, 219 
Diethyldithiocarbamate, 181 

1,4-Diethylene dioxide, 232 

Diethylene glycol monoethyl ether, 220 
Diethyl ethanedioate, 255 

Diethyl ether, 222 

Di(2-ethylhexyl) phthalate, 223 

o,o-Diethyl o-p-nitrophenylthiophosphate, 312 
Diethyloxalate, 255 

Diethyl oxide, 222 
1,4-Dihydroxyanthraquinone-2-sulfonic acid, 25 
1,4-Dihydroxybenzene, 333 
1,8-Dihydroxynaphthalene 3,6-disulfonic acid, 219 
Dilead-o-arsenate, 18 

2,3-Dimercaptopropanol, 69 
Dimethoxymethane, 282 
p-Dimethylaminobenzaldehyde, 54, 156, 186, 197, 


333 
p-Dimethylaminobenzalrhodanine, 90, 110 
p-Dimethylaminophenylazobenzenearsonic acid, 
13 


Dimethylaniline, 197, 224 
Dimethyl benzene, 357 
Dimethylene imine, 251 

Dimethyl] gallium borohydride, 48 
Dimethylglyoxime, 82, 110 
Dimethylnitrosamine, 225 
Dimethylphenylamine, 224 
Dimethyl-p-phenylenediamine hydrochloride, 35, 64 
Dimethyl sulfate, 226 
4,6-Dinitro-2-aminophenol, 8, 324 
Dinitrobenzene, 162, 227 
m-Dinitrobenzene, 204 
2,4-Dinitrochlorobenzene, 331 
Dinitro-o-cresol, 228 
Dinitrophenol, 230 
2,4-Dinitrophenylhydrazine, 143, 145, 204, 266 
Dioctyl phthalate, 223 

Dioform, 215 

1,4-Dioxane, 232 

Dipentene, 355 

Diphenyl, 234 

Diphenylamine, 186, 235 
Diphenylcarbazide, 33 
Diphenyline, 165 
Diphenylthiocarbazone, 27, 32, 44, 70, 110, 135 
Di-tso-propyl ether, 329 
a,a-Dipyridyl, 66 

Discoids, mee 272 

D-Stoff, 

Dithecae 2 diphenylthiocarbazone) 
Dithymoldiiodi ide, 63 
Divinylenimine, 332 

Dolomite, 72 

Dowicide, 322 

Dowicide G, 314 

Dow metal, 73 

Dowtherm A, 234 

Dry ice, 179 

Duprene, 192 

Duralumin, 10 

Dust, definition of, 2 

Dust, classification of, 5, 6 


Dynamite, 306 
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Earth flax, 19 

Elon, 293 

Enzootic marasmus, 39 

Eosin, 30 

Essence d’Orient, 337 

Ethane, 267 

Ethane. diacid, 310 

Ethanol, 237 

Ethenone, 276 

Ethoxyaniline, 315 

2-Ethoxy-6 ,9-diaminoacridine, 145 

Ethyl acetate, 236 

Ethyl alcohol, 237 

Ethylbenzene, 150, 239 

Ethylbenzene (Dow process), 239 

Ethyl bromide, 239 

Ethyl chloride, 240 

Ethyl diethylene glycol, 220 

Ethylene, 271 

Ethylene bromhydrin, 252 

Ethylene chlorohydrin, 242 

Ethylene cyanohydrin, 148 

Ethylenediamine, 243 

Ethylenediamine tetraacetic acid, 70 

Ethylene glycol, 244 

Ethylene glycol mono-n-butyl ether, 246 

Ethylene glycol monoethyl ether, 247 

Ethylene glycol monoethyl ether acetate, 248 

Ethylene glycol monomethyl ether, 249 

Ethylene glycol monomethyl ether acetate, 250 

Ethyleneimine, 251 

Ethylene oxide, 252 

Ethylene tetrafluoride, 253 

Ethylene trichloride, 348 

Ethyl formate, 254 

n-Ethy]-8-hydroxytetrahydroquinoline 
ride, 19 

Ethyl oxalate, 255 

Ethyl silicate, 256 

Ethyl sulfide, 3 

Explosive stabilizer, 235 


hydrochlo- 


Fatigue resistant metal, 23 
Feldspar, 66 

Ferron, 124 

Fiber glass, 52 
Fischer-Tropsch process, 39 
Flexol plasticizer DOP, 223 
Flour, bleaching of, 166 
Fluorescein, 171, 323 
Fluorine, 45 

Fluorite, 45 

Fluoroacetic acid, 257 
Fluocarbons, 259 

Formal, 282 ; 
Formaldehyde, 260 
Formaldehyde dimethyl acetal, 282 
Formic acid, 262 

Formic aldehyde, 260 
Formic ether, 254 
Formylic acid, 262 

Freon, 259 

Fruit, ripening of, 272 
Fuchsin, basic, 30, 90, 147 
Fuel tablets, 138 

Fumaric acid, 263 
Fumaris officinalis, 263 
Fume, definition of, 1 
Fume, generation of, 6 
Furfural, 160, 265 
Furfuraldehyde, 265 
Furfuryl alcohol, 266 


372 


Furoic acid, 265 
Furol, 265 
2-Furylcarbinol, 266 
Fusel oil, 158 


Galena, 68 

Galena miners, 69 
Gallium, 48 

Gases, definition of, 1 
Gelignite, 306 
Germanium, 50 
Germanium hydride, 50 
Germanium oxides, 50 
Germanium sulfide, 51 
Gilsonite, 168 

Glance pitch, 168 
Glass fiber, 52 
Glyceryl trinitrate, 306 
Glyptal, 322, 355 
Goethite, 66 

Golf greens, 210 
Grahamite, 168 

Grain alcohol, 237 
Granite dust, 105 
Griess’ reagent, 86 


Hafnium 137 

Hair dye, 319 

Halowax, 188 

Hematite, 64 

Hematoxylin, 11 
Hemochromatosis, 43 
Heptane, 268 
Hexachlorocyclohexane, 4, 163 
Hexahydroaniline, 205 
Hexahydrobenzol, 200 
Hexahydrocresol, 287 
Hexahydromethylphenol, 287 
Hexahydrophenol, 202 
Hexahydrotoluene, 286 
Hexalin, 202 

Hexamethylene, 200 
Hexamethylenetetramine, 121 
Hexare, 268 

Hexanone-2, 178 

Hexone, 178 

Hexylene, 271 

Hycar O.R., 189 

Hydrazine, 53 

Hydrazine hydrate, 53 
Hydrazinobenzene, 320 
Hydrazoic acid, 54 
Hydrocarbons, saturated paraffins, 267 
Hydrocarbons, saturated paraffins, 268 
Hydrocarbons, unsaturated, acetylene, 269 
Hydrocarbons, unsaturated, olefins, 271 
Hydrochloric acid, 55 
Hydrocyanic acid, 272 
Hydrogen azide, 54 

Hydrogen cyanide, 272 
Hydrogen fluoride, 56 
Hydrogen peroxide, 58 
Hydrogen selenide, 103 
Hydrogen sulfate, 116 
Hydrogen sulfide, 59 
Hydroquinone, 333 
Hydroxyaminobenzenes, 152 
p-Hydroxybenzaldehyde, 158 
Hydrcxybenzene, 316 
p-Hydroxybiphenyl, 139 
1-Hydroxy-2-chloroethane, 242 
Hydroxylamine, 60 


INDEX 


2-Hydroxymethylfuran, 266 
SHydrosyquiisine 11, 27, 33, 42, 49, 62, 68, 124, 
135 


Hyoscine, 4 
Hyoscyamine, 4 
Hypnone, 144 


Ilmenite, 126 

Imidole, 332 

Indigo, 159, 279, 322 

Indium, 61 

Indium sulfide, 62 

Indophenol reaction, 153 

Indulene dyes, 324 

Insect repellent, 322 

Iodine, 63 ‘ f 

7-Iodo-8-Hydroxyquinoline-5-sulfonic acid (fer- 
ron), 124 

Tron, 64 

Iron carbonyl, 65 

Iron, chilled, 121 

Iron picrate, 323 

Isatin, 333 

Isoacetophorone, 274 

Isophorone, 274 

Isoprene rubber, 287 


Jamaica ginger, 351 
Jet-propelled airplanes, 42 


Kaolin, 66 

Kelene, 240 

Kerosene, 275 

Ketene, 141, 276 
Ketoethylene, 276 
Ketohexamethylene, 203 


Lanthanum, 67 
thanum oxide, 67 
Lead, 68 
Lead azide, 54 
Lead phthalate, 323 
Lead picrate, 323 
Lead tetraethyl, 70 
Lechatellierite, 106 
Lepidolite, 78 
Limonite, 64, 66 
Lithium, 71 
Lithium hydride, 71 
Lithium stearate, 72 
Lithopone, 22, 135 
Lucidol, 166 
Lucite, 291 
Lutidine, 330 


Magnalium, 10 

Magnesium, 72 

Magnetite, 64 

Maleic acid, 263 

Maleic anhydride, 263 
Manganese, 74 

Mannitol, 29 

Marcasite, 64 

Marsh gas, 267 

Mercaptoacetic acid, 342 
Mercury, 2, 76 

Mercury detector, 2, 77 
Mercury, electrodeposition of, 77 
Mercury, organic compounds of, 77 
Mesityl oxide, 278 
Mesothorium, 100, 123 
Metaldehyde, 138 





INDEX 


Metal fume fever, 135 

Metanil yellow, 235 

Metastyrene, 334 

Methane, 267 

Methanoic acid, 262 

Methanol, 279 

Methemoglobinuria, 160, 299 

Methionine, 40; 194 

Methoxychlor, 280 

-¥ oi p-Methoxyphenyl)-1, 1, 1-trichloroethane, 

Methyl acetate, 281 

8-Methylacrolein, 199 

Methylal, 282 

Methyl p-aminophenol sulfate, 293 

Methyl anone, 288 

Methylbenzene, 343 

Methyl bromide, 283 

Methyl isobutenyl ketone, 278 

1-Methy1-3-carbohydrazidopyridinium-p-toluene 
sulfonate, 204 

Methyl Cellosolve, 249 

Methyl Cellosolve acetate, 250 

Methyl chloride, 284 

Methyl chloroform, 347 

Methylcyclohexane, 286 

Methylcyclohexanol, 287 

Methylcyclohexanone, 288 

4-Methyl-1,2-dimercaptobenzene, 126 

Methylene chloride, 217 

Methylene dimethyl ether, 282 

Methyl ethyl ketone, 172 

Methyl formate, 288 

1-Methy]-3-hydroxy-4-nitrosobenzene, 41 

Methyl iodide, 289 

Methyl methacrylate, 290 

Methyl orange, 36 

4-Methy]-3-pentenone-2, 278 

Methyl n-propyl ketone, 292 

1-Methyl-2(3-pyridyl)pyrrolidine, 301 

a-Methylstyrene, 150 

9-Methyl-2 ,3,7-trihydroxy-6-fluorone, 17 

Metol, 293 

Mica, 78 

Mineral pitch, 168 

Michler’s ketone, 225 

Mineral wool, 52 

Mischmetal, 34 

Molybdenum, 80 

Molybdic oxide fume, 80 

Monazite, 67 

Monazite sand, 33 . 

Monobromoethane, 239 

Monobromomethane, 283 

a-Monobromopropylene, 151 

Monochloroacetic acid, 140 

Monochloroacetone, 190 

Monochlorobenzene, 191 

Monochloromethane, 284 

a-Monochloropropylene, 151 

3-Monohydroxybenzidine, 165 

Morpholine, 294 

Moth balls, 296 

Mothproofing, 210 

Muscovite, 78, 118 

Mustard gas, 3, 272 


Naphtha, 295 

Naphthalene, 296  ~— 

Naphthalene-4-sulfonic acid-1-azo-5-o-hydroxy- 
quinoline, 90 

Naphthenic acid, 297 

p-Naphthol, 194 
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B-Naphthoquinoline, 32 

Naphthylamine, 298 

B-Naphthylamine, 160 

Naphthylenediamine sulfate, 104 

n-( A Naphthy1)-ethylenediamine dihydrochloride, 


a-Naphthylthiocarbamide, 300 

1-(1-Naphthy]l)-2-thiourea, 300 

Neoprene, 192, 201 

Nessler’s reagent, 14 

Nickel, 81 

Nickel carbonyl, 81 

Nickel picrate, 323 

Nicotine, 301 

Nicotinic acid, 331 

Nigrosine, 324 

Nitric acid, 83 

Nitric acid fume pneumonia, 83 

Nitric oxide, 84 

Nitroanilines, 304 

p-Nitroaniline, 199 

Nitrobenzene, 303 

p-Nitrobenzene-azo-chromotropic acid, 28, 51 

Nitrobruciquinone, 126 

Nitrochloroform, 196 

o-Nitrocresol, 41 

Nitroethane, 305 

Nitroform, 341 

Nitrogen dioxide, 84 

Nitrogen oxides, 84 

Nitroglycerin, 306 

Nitromethane, 307 

p-Nitrophenylhydrazine, 145, 200 

Nitropropane, 308 

Nitrosamine test, 226 

Nitrosodimethylamine, 225 

p-Nitrosodimethylaniline, 225 

a-Nitroso-§-naphthol, 40, 41 

1-Nitroso-2-hydroxynaphthalene-3 , 6-disulfonate, 
40 

Nitrosophenylhydroxylamine, 66 

Nitroso-R-salt, 40 

Nitrous oxide, 84 

Nordhausen acid, 116 

Norisodrine sulfate, 310 

Novadelox, 166 


Ochre, 66 
Octane, 268 

Oil of ants, 265 
Oil of mirbane, 303 
Opal, 106 
Orange IV, 235 
Orcinol, 266 
Osmic acid, 87 
Osmiridium, 87 
Osmium, 87 
Oxalic acid, 310 
Ozone, 88 


Palladium, 90 

Paint remover, 217 
Papillomatosis of the bladder, 299 
Paraformaldehyde, 261 
Paraldehyde, 138 
Parathion, 312 

Paris green, 18 
Parisite, 67 

Parvoline, 330 
Patronite, 132 

Peach tree borer, 210 
Pearls, artificial, 337 
Pentachloroethane, 313 
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Pentachlorophenol, 313 
Pentane, 268 
Pentanone-2, 292 
Peracetic acid, 140 
Perchloroethylene, 338 
Peremesin, 34 
Permanganic acid, 75 
Persulfuric acid, 58 
p-Phenetidine, 315 
Phenol, 3, 316 
Phenoldisulfonic acid, 83, 86 
Phenol red, 30 
Phenothiazine, 317 
Phenoxur, 317 
Phenylamine, 159 
Phenylenediamine, 318 
Phenylethane, 239 
Phenylethylene, 334 
Phenylhydrazine, 190, 320 
Phenyl isocyanide, 160, 184, 193 
Phenylmethane, 343 
Phenylmethyl ketone, 144 
Phenylphenol, 321 
Phenylpyrazoline, 146 
Phlogopite, 78 
Phloroglucinol, 334 
Phosgene, 185 

Phosphine, 91, 93 
Phosphorus, 92 
Phosphorus chlorides, 93 
Phosphorus trisulfide, 93 
Phosphuretted hydrogen, 91 
Phthalanil, 323 

Phthalic acid, 322 
isoPhthalic acid, 358 
Phthalic anhydride, 322 
Piccoline, 330 

Pickling of metals, 18, 56 
Picramic acid, 8, 324 
Picric acid, 316, 323 
Picrolonic acid, 124 

Picryl chloride, 324 
Pimelic ketone, 203 
a-Pinene, 355 

Piperonyl butoxide, 325 
Platinum, 94 

Platinum, black, 94 
Platinum, sponge, 94, 95 
Plexiglass, 291 

Plutonium, 95 

Plutonium, excretion of, 97 
Plutonium, personnel protection, 100 
Polytetrafluoroethylene, 46 
Portland cement, 98 
Potassium di-thio-oxalate, 82 
Potassium picrate, 323 
Potato spirit, 157 
Potstone, 117 

Propane, 267 

Propenal, 146 

Propene nitrile, 148 
2-Propen-l-ol, 150 
1-Propenol-3, 150 

Propyl acetates, 325 
tsoPropyl alcohol, 327 
n-Propyl alcohol, 326 
1s0Propylbenzene, 150, 328 
Propylene, 2 

Propylene aldehyde, 199 
Propylene dichloride, 219 
~s0Propyl ether, 329 


INDEX 


isoPropylideneacetone, 278 
Prostigmin bromide, 307 
Prussic acid, 272 

Pyridine, 330 
a-Pyridylamine, 154 <i 
B-Pyridyl-a-n-methylpyrrolidine, 301 
Pyrite, 64 

Pyrogallol, 4, 42 
Pyroligneous acid, 140 
Pyrolusite, 74 

Pyromucic aldehyde, 265 
Pyrophoric alloy, 34 
Pyrophyllite, 118 

Pyrrole, 104, 332 


Quartz, 106 

Quinacrine, 145 

Quinalizarin, 11, 28, 51, 62 
Quinine-potassium iodide test, 27 
Quinol, 333 

8-Quinolinol, 133 

Quinone, 155, 333 


Radioactive cobalt, 40 
Radioactive metals, 96 
Radiostrontium, 111 
Radioactive substances, 97, 99 
Radon, 100 
Rationite, 226 
Resorcinol, 3, 42, 190, 261 
Resorufin, 35 
Rhizopus nigricans, 264 
Rhodamine B, 17 
Rivanol, 145 
Rocket fuel, 53 
Rotenone, 118 

ouge, 65 
Rubber, synthetic, 171 
Rubidium, 101 
Rutile, 126 


Safety glass, 236, 337, 357 
Salicylic aldehyde, 158 
Salt sickness, 39 
Saran, 215 
Sarcoidosis, 24 
Scheele’s green, 18 
Schiff’s reagent, 30, 139 
Seekay, 188 
Selenium, 103 
Serpentine, 19, 118 

hale, 98 
Ships, fumigation of, 273 
Siderite, 64 
Silane, 108 
Silica, 105 
Silicone rubbers, 109 
Silicones, 108 
Silicosis, 105 
Silver, 109 
Silver fulminate, 109 
Soapstone, 117 
Sodamide, 54 
Sodium azide, 54, 112 
Sodium diethyldithiocarbamate, 44 
Sodium diphenylamine sulfonate, 83 

odium fluoroacetate, 258 
Sodium hypophosphite, 42 
Sodium nitroprusside, 60, 112 
Sodium rhodizonate, 111, 117 
Soil disinfestants, 164, 216 





Sphalerite, 135 
Spotting fluids, 309 
Steatite, 117 
Steel, alloy, 42 
Stellite steels, 39 
Stibine, 15 
Stoddard solvent, 295 
Stone flax, 19 
Strontianite, 110 
Strontium, 110 
Strontium, radioactive, 111 
Styrene, 150, 334 
Sugar cane grub, 210 
Sulfanilic acid, 317 
Sulfur, 111 
Sulfur chlorides, 112 
Sulfur dichloride, 113 

_ Sulfur dioxide, 114 

~ Sulfur fluorides, 115 
Sulfur hexafluoride, 115 
Sulfuric acid, 116 
Sulfur monochloride, 113 
Sulfur pentafluoride, 116 
Sulfuryl chloride, 113 
Sylvestrene, 354 


Tale, 117 

Tantalum, 42, 119 
Tantalum carbide, 119 
Tantalum oxide, 119 

Tar camphor, 296 

Teeth, mottled, 46 

Teflon, 254 

Tellurium, 120 
Terephthelic acid, 358 
Tetrachloroethane, 336 
Tetrachloroethylene, 338 
Tetrabromomethane, 336 
Tetraethylenepentamine, 44 
Tetraethylrhodamine, 17 
Tetraethyl-o-silicate, 256 
Tetrahydrobenzene, 204 
Tetrahydrofuran, 339 
Tetrahydro-4-oxazine, 294 
Tetralin, 296 
4,4’-Tetramethyldiaminotriphenylmethane, 75 
Tetramethylene oxide, 339 
Tetramethylthiuram disulfide, 340 
Tetranitromethane, 341 
Tetryl, 225 

Thallium, 122 
Thermometry, high temperature, 48 
Thermometry, precision, 90 
Thetford mines, 20 
Thiocarbamide, 121 
Thiodiphenylamine, 317 
Thioglycollic acid, 342 
Thiokol, 347 

Thionyl chloride, 113 
Thorium, 123 

Thorium nitrate method for fluorine, 47 
Thoron, 100 

Thorotrast, 123 

Thylox process, 59 
Thymol, 128 

Tin, 125 

Tinkal, 27 

Tin tetrahydride, 126 

Tin tetramethyl, 126 
Titanium, 126 

Titanium carbide, 127 
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TINT? 852 

Titan yellow, 73 

Tobacco reaction, 186 
Tobacco, thiocyanate excretion from, 149 
o-Tolidine, 35, 36, 64 
Toluene, 343 

Toluidine, 345 

p-Toluidine, 142 

Toluidine blue, 345 
Toxaphene, 346 
Toxicological analysis, 7 
Toxilic acid, 263 

Toxilic anhydride, 264 
Tracer bullets, 22 
Tremolite, 118 
Tribromomethane, 170 
Trichloroacetic acid, 140 
Trichloroethane, 347 
Trichloroethylene, 348 
Trichloromethane, 193 
Trichloronitromethane, 196 
Tri-o-cresyl phosphate, 350 
Tridymite, 105 
Triethanolamine, 351 

8,6’ ,6’’-Trihydroxytriethylamine, 351 
3,5,5-Trimethyl-2-cyclohexene-l-one, 274 
Trimethylene, 206 
Trinidad asphalt, 168 
2,4,6-Trinitrophenol, 323 
Trinitrotoluene, 352 
Tropfoel, 195 

Trypaflavine, 145 

Tumors, bladder, 299 
Tungsten, 128 

Tungsten carbide, 39, 128 
Turpentine, 354 


Uranium, 129 
Uranium isotopes, 129 
Ursol D, 319 

Ursol asthma, 319 


Vanadium, 131 
Vanadium, catalytic, 132 
Vanillin, 356 

Vinegar naphtha, 236 
Vinylamine, 251 
Vinyl benzene, 334 
Vinyl carbinol, 150 
Vinyl chloride, 356 
Vinyl cyanide, 148 
Vinylite, 357 

Vinyl resins, 305 
Vinyl toluene, 150 
Viscose, 148, 181 
Vomiting gas, 197 


Watch dial painting, 124 
Welding rod coating, 127 
Welder’s siderosis, 65 
Welsbach mantle, 34 
Wire worms, 216 
Witherite, 22 

Wood alcohol, 279 
Wood spirit, 279 


Xanthate reaction, 327 
X-rays, 99 

Xylene, 357 
1,3-Xylen-4-ol method, 83 
Xylidine, 358 
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Yttrium, 133 Zinc naphthenate, 135 
Yttrium, radioactive, 134 Zircon, 136 

Zirconium, 135 
Zapon lacquer, 158 ; Zirconium carbide, 136 
Zinc, 134 . Zirconium dioxide, 136 
Zinc blende, 135 Zirconium phosphate, 137 
Zine chills, 135 Zirconium silicate, 136 


Zinc chromate, 38 Zyklon, 272 
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